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Titanocene dichloride, a potent antitum or agent, forms a DNA- 
titanium  adduct w ith Salmon Sperm DNA in 10 mM sodium  perchlorate 
solutions ranging from pH  5 to 8.5. At physiological pH , titanocene 
d ich lo rid e  u n d erg o es  base cata lyzed  h ydro lysis  in  w h ich  the 
cydopentadienyl ligands are susceptible to substitution. In chapter one of 
this dissertation the results of inductively coupled plasma and scintillation 
counting analysis of the DNA-titanium adduct formed by in vitro treatment 
of a DNA solution w ith  tritiated  titanocene dichloride indicate the 
formation of a DNA-Cp2Ti adduct at pH  5.3 and a DNA-CpTi adduct at pH  
7.0.
Titanocenes prepared from bridged cydopentadienyl ligands should 
exhibit greater stability tow ards base catalyzed hydrolysis than the 
cydopentadienyl ligands of titanocene dichloride. Chapter two discusses 
the synthesis and characterization of bridged cydopentadienyl ligands for 
this purpose. Synthesis of these novel bridged cydopentadienyl ligands 
occurs by the D iels-A lder/retro-D iels-A lder reaction of the diyne,
5,6,1 l,12-tetradehydrodibenzo[rt,c]cyclooctene, w ith the respective dienes:
1 ,3 - c y c lo p e n ta d ie n e ,  d im e th y l f  u lv e n e ,  a n d  1 ,2 ,3 ,4 ,5 - 
peritamethylcyclopentadiene.
CHAPTER ONE.
THE pH DEPENDENT BINDING OF THE ANTITUMOR ACTIVE 
TITANOCENE DICHLORIDE TO DNA TO FORM 
DNA-Cp2Ti OR DNA-CpTi ADDUCTS
1.1 Introduction.
The various types of cancer are treated by four approaches used 
individually or in combination: radiation, surgery, im m unotherapy and 
chemotherapy. Some of these approaches destroy both cancer cells and 
normal body cells. Toxicity is a major lim itation of chemotherapy. For 
e x a m p le , c i s -d ia m m in e d ic h lo r id e p la tin u m  (c isp la tin ) , the  
chemotherapeutic compound discovered by Rosenberg and coworkers in 
1969, is used in the treatment of certain testicular and ovarian cancers even 
though it is both nephrotoxic and neurotoxic.1/2 In the continuing search 
for chemotherapeutic compounds with less or no harm ful side effects and 
toxicity, Harm ut Kopf and Petra Kopf-Maier discovered in 1979 that certain 
early transition element metallocene dihalides, such as the dichlorides, 
Figure 1.1, and bis(pseudohalides) exhibit antitum or activity.3"8 These 
m etallocenes were s tud ied  because of structural sim ilarities to the 
antitumor active compound cisplatin.
Cl
Cl
cisplatin M = Mo M olybdocene dichloride
M = Nb N iobocene dichloride
M = Ti Titanocene d ichloride
M = V V anadocene dichloride
Figure 1.1 Antitumor active metal complexes.
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Although the metallocene dichlorides have pseudotetrahedral geometry 
and  cisplatin  has square-p lanar geom etry, these an titum or active 
metallocenes have Cl-M-Cl bond angles and non-bonding Cl--Cl distances 
analogous to cisplatin, Figure 1.2.8
Xa T. T. ^Cl T x a T  Xa T
M o )8 2 ° 3.24 A V. J87° 3.30 A Ft ) 92° 3.35 A Mb J86° 3.36 A Ti )9 4 °  3.47 A< I x  i x  I < I x  I
Cl - L  c i  - 1-  C l C l Cl —■—
Figure 1.2 Bond angles and non-bonding chloride distances of the 
antitumor active metallocene dichlorides and cisplatin.
Even though these metallocenes and cisplatin have com parable 
cytotoxicity, major differences exist in aqueous solution for these antitumor 
agents.9 The chlorides undergo  hydrolysis m ore rap id ly  for the 
m etallocenes than  for cisplatin. U nder base catalyzed hydrolysis 
conditions, the cydopentadienyl ligands of the metallocenes are also 
susceptible to substitution while the ammine ligands of cisplatin are almost 
inert. The hydrolysis differences result from the metallocenes containing 
early metal centers while cisplatin contains the late metal platinum . The 
early m etals, such as titanium , have em pty d^ orbitals m aking them 
oxophilic so they attract hard, rc-donor ligands like oxygen, and the late 
metals are more electronegative so they seek soft, lower oxidation state, 71- 
acceptor ligands.10 Aside from these differences, the antitumor activity for 
the metallocenes may still result from a mode of action similar to that of 
cisplatin in that they inhibit nucleic acid metabolism and mitotic activity 
like cisplatin.11'12
In determ ining the mechanism of the antitum or activity of these 
metallocenes, a specific antitumor active metallocene, titanocene dichloride,
3
was mainly studied. One hypothesis for the antitum or activity that has 
been disproved was that of Doppert who believed that the cytotoxicity was 
caused by 1,3-cyclopentadiene resulting from the hydrolysis of titanocene 
dichloride at physiological pH.13 Kopf-Maier and Kopf found that both 1,3- 
cyclopentadiene and the Diels-Alder dim er of 1,3-cyclopentadiene, 
dicyclopentadiene, show less toxicity than titanocene dichloride, have 
unspecific cytotoxicity and are ineffective against the grow th of solid 
tum ors.14
In com paring the binding of the metallocenes and cisplatin to 
dinucleotides, studies show that unlike cisplatin the metallocenes only 
attach to one nucleobase, Figure 1.3, because of the steric hindrance caused 
by the cydopentadienyl ligands.15'20 Pneumatikakis and coworkers found 
that the C p2Ti moiety form ed a complex w ith m ononucleotides in 
methanol; however, under aqueous conditions no evidence was seen for a 
Cp2Ti-nucleotide complex.18 With the more hydrolytically stable
2 Cl'
Figure 1.3 Covalent titanium-nitrogen and molybdenum-nitrogen 





metallocene, m olybdocene, a Cp2M o-nucleotide complex did  form in 
water.20 These results and others point to DNA as the possible intracellular 
target of the antitum or active metallocenes. Kopf-Maier and Krahi used 
electron energy loss spectroscopy (EELS) to show  th a t titan ium  
accumulated in the DNA rich areas of cells which were treated in vivo and 
in vitro w ith titanocene dichloride.21 Through inductively coupled plasma 
(ICP) analysis, our group first reported evidence that a DNA-titanium 
adduct form s w hen a DNA solution was treated  w ith  titanocene 
dichloride.22 The structure of the titanium binding moiety, however, was 
unknown.
Previous studies in determ ining the binding titanium  species, 
focused on the fact that titanocene dichloride hydrolyzes at physiological 
p H  to give a CpTi species. H ydro lysis  of the m etallocene 
cyclopentadienyltitanium  trichloride (CpTiCl3) also produces a CpTi 
species; however, CpTiCl3 exhibits significantly lower antitum or acitivity 
than Cp2TiCl2-23 Thus, the goal of this research was to determ ine the 
structure of the titanium  moiety of the DNA-Ti adduct form ed using 
tritiated Cp2TiCl2- Through the use of ICP and scintillation counting 
analysis, the num ber of cydopentadienyl ligands remaining bound to the 
titanium could be determined.22
1.2 Results and Discussion.
In the complexation of titanocene dichloride with DNA, competition 
could occur between the hydrolysis of the r)5-cyclopentadienyl ligands and 
the binding of the titanium to DNA. ICP analysis of the DNA-Ti adduct 
measures the phosphorus concentration which is proportional to the DNA
5
nucleotide concentration and the titanium concentration is proportional to
bound to the titanium; however, no information can be derived from ICP 
analysis about the structure of the titanium binding moiety.
To determ ine the num ber of cyclopentadienyl ligands that remain 
bound to the titanium  in the DNA-Ti adduct, tritium -labeled titanocene 
dichloride was prepared by tritiating one of the cyclopentadienyl ligands as 
shown in Figure 1.4.24 Through scintillation analysis of the adducts formed 
by in vitro complexation of DNA w ith the tritiated titanocene dichloride, 
the average number of r|5-cyclopentadienyl ligands remaining bound to the 
titanium in the DNA-Ti adduct could be determined.
As shown in Figure 1.5, kinetic studies of the com plexation of 
un labeled  titanocene d ich loride w ith  DNA perfo rm ed  in  pH  5 
unbuffered22-25 and in pH  7 buffered 10 mM sodium perchlorate (NaClC>4) 
solutions indicate that DNA-Ti binding is complete w ith 100% of the 
titanium bound within 2880 minutes or 48 hours. Kinetic studies were not 
perform ed with the radioactive material. Instead, the tritiated titanocene 
dichloride was allowed to incubate w ith the DNA solution for 48 hours. 
After 48 hours incubation, the DNA-Ti adduct was precipitated and 
separated as a pellet from the supernatant solution which was retained for
the metallocene concentration if both ri5-cyclopentadienyl ligands remain
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Figure 1.4 Synthesis of tritiated titanocene dichloride.
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Figure 1.5 DNA-Ti binding studies in pH  5 unbuffered and 
pH  7 buffered 10 mM NaC104 solutions.
Table 1.1 shows the scintillation results in counts per minute above 
background for the DNA-tritiated titanocene dichloride complexation in 
pH  5.3 unbuffered 10 mM sodium perchlorate solution.22 ICP analysis of 
the digest indicated that 98 ± 6% of the titanium was bound and that 95 ± 
2% of the DNA was present as compared to the initial DNA concentration.
Table 1.1 Tritium-Labeled Titanocene-DNA Binding at pH 5.3.
counts counts in % 3h
iliquot in digest supernatant in digest
1 3133 241 92.8
2 1789 128 93.3
3 1147 117 90.7
4 1773 113 94.0
5 1648 109 93.8
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Thus, the digest should contain -95% of the tritium counts for the DNA- 
Cp2Ti adduct, -47.5% for the DNA-CpTi adduct, and -0%  for a DNA- 
CpoTi adduct. For the unbuffered pH  5.3 study, the average percentage of 
counts in the digest compared to the total counts of the digest plus the 
counts of the supernatant solution is 92.9 ± 1%. This indicates that the 
structure of 90-100% of the titanium bound at pH  5.3 is of the form Cp2Ti.
Table 1.2 contains the scintillation results in counts per m inute 
above background found for the DNA -tritiated titanocene dichloride 
complexation in pH  7.0 buffered 10 mM sodium  perchlorate solution.22 
ICP analysis of the digest found that 101.9 ± 0.9% of the titanium  was 
bound after 48 hours incubation and that 101 ± 3% of the DNA was present 
as compared to the initial DNA concentration. Therefore, the digest should 
contain -100% of the tritium  counts for the DNA-Cp2Ti adduct, -50% for 
the DNA-CpTi adduct, and -0% for a DNA-CpoTi adduct. For the pH  7.0 
study, the average percentage of counts in the digest compared to the total 
counts is 43.3 ± 5%. These observations are slightly less than 50% possibly 
due to some CpoTi binding; however, the main structure of the titanium 
bound at pH 7.0 exists as the CpTi moiety.
Table 1.2 Tritium-Labeled Titanocene-DNA Bindine at pH  7.0.
counts counts in % 3H
aliquot in digest supernatant in digest
1 133 181 42.4
2 101 121 45.5
3 141 141 50.0
4 85 157 35.1
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1.3 Conclusions.
By using ICP and scintillation counting analysis to study the in vitro 
tritiated titanocene dichloride binding of DNA, a DNA-Cp2Ti adduct 
formed at pH  5.3 and a DNA-CpTi adduct formed at pH  7.0. Clearly, in 
vivo studies are necessary before the Cp2Ti species is completely dismissed 
as a possible structure of the titanium  binding moiety. The Cp2Ti moiety 
could be more resistant in vivo tow ards hydrolysis at physiological pH  
because of stabilization provided by serum components.9
1.4 Experimental.
1.4.1 M aterials and M ethods.
Salmon testes DNA (Sigma, sodium  salt, type III) was purified by 
dissolution in 10 mM sodium perchlorate solution, filtration through a 0.45 
pm pore size Millipore filter and precipitation with a 0.2 M sodium acetate 
solution prepared in 95% ethanol. This purified DNA was recovered by 
centrifugation after cooling to ~ -12 °C for 20 minutes. 1,3-Cyclopentadiene 
was freshly cracked and briefly stored at -78 °C under a dry argon 
atmosphere. The tritiated w ater (NEN) , 0.91 m Ci/10 mL, was used as 
received. The synthesis of the tritiated  titanocene dichloride and 
preparation of samples containing the radioactive material were performed 
in the fume hood. C yclopentadienyltitanium  trichloride was freshly 
synthesized by a literature p rocedure .26 Ethyl ether was dried over 
so d iu m /p o ta s s iu m  alloy u n d er a d ry  argon  a tm o sp h ere  and  
tetrahydrofuran was dried over potassium under a dry argon atmosphere.
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Activated 4-A molecular sieves were prepared by heating the sieves in a 
Schlenk flask under a vacuum  of 0.4 mmHg to 200 °C. Packard Ultima 
Gold liquid scintillation fluid was used in the scintillation analysis. UV 
m easurem ents were made on a Cary 219 U V /vis spectrophotom eter and 
NMR spectra were run on a IBM NR100. ICP measurements were made on 
a Perkin-Elmer ICP-6500 spectrometer. For this ICP, a rf power of 1400 W 
was used; a reflected power of <25 W; gas flow rates of 14 L /m in. plasma,
1.1 L /m in. nebulizer, and 2.0 L /m in. auxiliary. The scintillaltion samples 
were counted on a Packard A300C liquid scintillation counter.
1.4.2 Synthesis of Tritiated Titanocene Dichloride.
The tritium labeled cyclopentadiene was prepared by a modified 
procedure of Streitwieser and co-workers.24 20 mL of dry ethyl ether and 
0.10 mL (1.2 mmol) of dry 1,3-cyclopentadiene were added by argon 
flushed syringes to a 100 mL dry argon filled Schlenk flask containing a 
small stir bar. Stirring was begun and the solution was cooled to 0 °C. 0.49 
mL (1.2 mmol) of 2.5 M rz-butyllithium (»-BuLi) in hexanes was slowly 
added by argon flushed syringe to the cooled solution. After addition of 
the base was complete, the ice bath was removed and formation of a white 
precipitate of the lithiated cyclopentadiene was noted. The solution 
containing this precipitated salt was stirred at room tem perature for 2 
hours. To 0.1 mL of distilled water 10 pL of tritiated water (T2O) were 
added in a small vial. The T2O /IT2O contents of the vial were then added 
by pipet to the lithiated cyclopentadiene, and the reaction mixture was 
allowed to stir for 5 minutes. The vial that contained the T2O / H 2O 
mixture was then rinsed m ultiple times with a total volume of 5 mL of
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distilled water and added each time by pipet to the reaction mixture. 
Stirring was stopped and the ether layer was allowed to separate. The 
ether layer was then rem oved by pipet and dried in a flask containing 
anhydrous m agnesium  sulfate (MgSCTj). The dried ether solution was 
gravity filtered w hile argon flowed into a Schlenk flask containing 
activated 4-A molecular sieves and was allowed to dry for 30 minutes. The 
twice dried ether solution was gravity filtered while argon flowed into a 
100 mL dry argon filled Schlenk flask containing a small stir bar. The ether 
solution was cooled to 0 °C, 0.39 mL (0.97 mmol) of 2.5 M n-BuLi in hexanes 
was added by argon flushed syringe, and the ice bath was removed. This 
solution with the white salt of the lithiated cyclopentadiene was allowed to 
stir at room temperature for 2 hours and was then cooled to -78 °C. 0.212 g 
(0.970 mmol) of cyclopentadienyltitanium  trichloride (CpTiCl3 ) was 
dissolved in -20 mL of dry tetrahydrofuran (THF) under argon. This 
CpTiCl.3 solution was cannulated into the cooled reaction mixture and then 
the dry ice/acetone bath was rem oved from the reaction flask now 
containing a dark red colored solution. Stirring was stopped after 12 hours 
and the dark red solution with a brown solid was cooled to 0 °C. 1 mL of 
12 M hydrochloric acid was added, the ice bath was removed, and once at 
room tem perature, dichlorom ethane (DCM) was added to dissolve the 
brown solid. After drying over calcium chloride (CaCl2), the red solution 
was filtered into a round-bottom flask while argon flowed and solvent was 
rem oved on a dry rotavapor. The resulting reddish-orange solid was 
recrystallized  twice from hydrogen chloride sa tu ra ted  refluxing 
chloroform. The ÎT NMR and the melting point of the red crystals which 
formed were the same as for authentic titanocene dichloride. 0.048 g (20%) 
of tritiated titanocene dichloride was obtained.
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1.4.3 Calculation of the Specific Activity of Tritiated Titanocene 
Dichloride.
0.82 mg of tritiated titanocene dichloride was placed in a 1 mL 
volumetric flask and was dissolved to the mark in dry hydrogen chloride 
saturated chloroform. 10 pL aliquots of this solution were placed in four 
scintillation vials and the chloroform was evaporated using a slow argon 
flow leaving a small red dot of the tritiated material. These samples were 
dissolved in 20 mL of scintillation fluid. Two background vials were 
prepared with 20 mL of scintillation fluid only. The standard was prepared 
by placing 20 mL of scintillation fluid in a vial and 1 pL of T2O. After 
shaking the tightly capped vial thoroughly, a more dilute standard was 
prepared by removing 1 mL of this sample and adding it to a scintillation 
vial containing 19 mL of scintillation fluid. Two dilute standards were 
prepared in this manner. This resulted in a total of 0.050 pL of T2O in the 
standard. Approximately 1 year and 8 1 /2  months had passed since this 
T2 O was assayed as 10 pL = 1 mCi = 2.22 x 10^ dpm. The fraction 
remaining determined from a tritium decay table was 0.908;27 therefore, at 
the time of the experiment for 0.050 pL the corrected disintegratioiis per 
minute (dpm) were calculated as follows:
corrected dpm = 1.11 x 10^ dpm x 0.908 = 1.01 x 10^ dpm  
In order to determine the percent efficiency (% EFF) of the scintillation 
counter, the following equation was used with the average value of counts 
per minute (cpm) obtained for the standards:
cpm 4,035,231 ± 81494 cpm
% EFF = x 100% = x 100%
corrected dpm 1.01 x lO'7 dpm
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% EFF = 40.0% ± 0.008 = 0.400 ± 0.008 = 0.400 ± 2%
The specific activity in millicuries (mCi) was found by application of 
the following equations:
average cpm for the sample
corrected dpm  of the sample = ----------------------------------------
%EFF
145.58 ± 11.78 %
= ----------------------- = 363.95 ± 13.78 % dpm
0.400 ± 2 %
1 mCi 1
363.95 ± 13.78 % dpm x --------------------- x  = 0.020 ± 13.78 % mCi
2.22 x 109 dpm  8.2 mg g
= 0.020 ± 0.003 m C i/g  = specific activity of the tritiated
titanocene dichloride
1.4.4 Complexation of Tritiated Titanocene Dichloride with DNA.
A 10 mM sodium  perchlorate solution (NaC1 0 4 ) solution was 
prepared using doubly distilled, deionized water. All glassware and stir 
bars used in the complexation of the tritiated titanocene dichloride with 
DNA were rinsed w ith some of the 10 mM NaC104  solution avoiding 
contam ination by finger nucleases. An am ount of the purified salmon 
testes DNA was dissolved respectively for a m inimum of 16 hours with 
gentle stirring in a pFI 5.3 non-buffered 10 mM NaClC>4 solution and in a 
pH  7.0 hydroxydim ethylarsine oxide (cacodylic ac id )/sod ium  salt of 
hydroxydim ethylarsine oxide buffered 10 mM NaClC>4 solution to give
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DNA so lu tions w ith  0.80-1.60 mM nucleotide. The nucleo tide 
concentration (c) of these DNA solutions was determined by applying Beer- 
Lambert Law to the value found for the absorbance (A) m easured by UV 
spectrometry at X -  260 nm as follows:
A absorbance
eb (molar absorptivity for DNA)(path length)
These pH 5.3 and pH  7.0 DNA solutions were mixed respectively 
w ith the tritiated  titanocene dichloride to give approxim ately 10:1 
phosphorus to titanium ratios. The solutions were then sonicated to ensure 
complete dissolution of the tritiated titanocene dichloride. 1 mL aliquots 
were transferred to 5 mL centrifuge tubes. The solutions were then allowed 
to incubate at room tem perature. A few tubes were labeled as the zero 
hour tubes and the remainder were labeled as 48 hour tubes. The contents 
of the zero hour tubes were not precipitated so that the initial concentration 
of phosphorus:titanium could be determined. After 48 hours of incubation, 
the 48 hour tubes were cooled in an ice bath for 30 minutes and precipitated 
at the 48 hour time using 2 mL of 0 °C 0.2 M sodium acetate solution in 95% 
ethanol. The capped tubes were shaken to mix well and placed in the 
freezer (-12 °C) for 20 minutes. The contents of the 48 hour tubes were then 
centrifuged for 5 minutes. The supernatants from the D N A /titanocene 
pellets were placed in labeled tubes. The pellets were rinsed with 1 mL of 
the sodium  acetate solution and the rinses were com bined w ith the 
respective supernatants. This resulted in a total volume of 4 mL for each 
supernatant. The pellet tubes were inverted and the pellets were allowed 
to dry for 4 hours before preparation for analysis.
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1.4.5 Preparation of the Tritiated Titanocene Dichloride Treated 
DNA Scintillation and ICP Samples.
The contents of the zero hour tubes were prepared for ICP analysis 
by adding a 0.50 mL aliquot of concentrated ammonium hydroxide to each 
and heating in a 40 °C water bath for 30 minutes. After standing at room 
tem perature for a few hours, the contents of the zero hour tubes were 
diluted to a total volume of 4.00 mL each by the addition of a 2.50 mL 
aliquot of doubly distilled, deionized water. ICP analyses were performed 
on the zero hour tubes to determ ine the initial concentrations of 
phosphorus and titanium. The DNA/titanocene pellets were prepared for 
ICP and scintillation analysis by first adding a 0.25 mL aliquot of 
concentrated ammonium hydroxide and then allowing the pellet to digest 
for at least 24 hours. The contents of the pellet tubes were diluted to 2.00 
mL by addition of a 1.75 mL aliquot of doubly distilled, deionized water. 
The pellet scintillation samples were made by adding a 0.25 mL aliquot of 
these pellet digest solutions to respectively labeled scintillation vials 
containing 20 mL of scintillation fluid. The vials were tightly capped, the 
contents were thorougly mixed, and these samples were counted. ICP 
analyses were performed on the rem ainder of the pellet digest solutions. 
One milliliter aliquots from each of the supernatant tubes were placed in 
labeled scintillation vials along with 19 mL of scintillation fluid and were 
counted. The rem ainder of the supernatant solutions were analyzed by 
ICP.
CHAPTER TWO.
THE SYNTHESIS AND CHARACTERIZATION OF 
BRIDGED CYCLOPENTADIENES
2.1 Introduction.
At physiological pH, the cyclopentadienyl ligands of titanocene 
dichloride are susceptible to base catalyzed hydrolysis.13 This instability 
presents a problem  in determ ining the actual binding moiety of the 
antitumor active titanocene dichloride under physiological conditions. The 
premise of this research is to synthesize novel bridged cyclopentadienyl 
and bridged substitu ted  cyclopentadienyl ligands to be used in the 
preparation  of m ore hydrolytically stable titanocenes. These target 
titanocenes, shown in Figure 2.1, might demonstrate antitumor activity and 
would be easier to study under physiological conditions than titanocene 
dichloride.
^ c h 3
^ ,,\C1





Figure 2.1 Structures of the target titanocenes.
Many groups have prepared early metal complexes using chiral 
cyc lopen tad ieny l lig an d s .28'42 These complexes are often used as 
asym m etric catalysts. These are com pounds that control the 
stereochem istry of alkene polym erization to give isotactic polymers,
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polym ers having the same stereochem istry at adjacent carbons.43 The 
target titanocenes, in  Figure 2.1, and the analogous zirconocene dichlorides 
prepared from some of these novel bridged cyclopentadienyl ligands could 
prove useful as asymmetric catalysts.
A nother possible application of these ligands w ould  be in the 
preparation of a conducting polymer. As shown in Figure 2.2, a ferrocene 
type polym er could be prepared by bridging  the novel fulvene type 
ligand44 and complexing it w ith iron .45 After doping the polymer by 
oxidation of some of the iron atoms, electron movement could occur which 




1. Mg, CC14, THF 
-----------------------
2. FeCl0 -2THF
Figure 2.2 Ferrocene type polymer prepared from a target 
bridged cyclopentadienyl ligand.
2.2 Retrosynthetic Analysis of the Novel Bridged Cyclopentadienyl 
Ligands.
The technique of retrosynthetic analysis was used to determine the 
sim plest starting  m aterials from w hich the ligands for the target 





Figure 2.3 Retrosynthetic analysis of the general structure of the target 
metallocenes back to diyne 2 .6.
target molecule apart by working backwards stepwise, indicated by the 
—>  arrow , to the sim plest possible starting  m aterials. The best 
retrosynthetic analysis is the one which gives the shortest, cheapest an d /o r 
highest yielding forward synthetic route. As shown in Figure 2.3 for the 
general structure  of one of the target m etallocenes, the proposed 
retrosynthetic  analysis leads back through  a cyclopentadienylated 
compound prepared via Diels-Alder/retro-Diels-Alder reactions beginning 
w ith diyne 2.6, 5 ,6 ,ll,12-tetradehydrodibenzo[fl,c]cyclooctene. The 
pyrolytic method of choice for performing the retro-Diels-Alder reaction on 
the hydrogenated  D iels-Alder d iadduct was that of flash vacuum  
pyrolysis.46 As shown in Figure 2.4, Katz and Rosenberger used a
Figure 2.4 Retro-Diels-Alder reaction of isodicyclopentadiene.
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retro-Diels-Alder reaction to form a cyclopentadiene ring by applying the 
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Figure 2.5 Forward synthetic route to 5,6,1 l,12-tetradehydrodibenzo[fl,(?]- 
cyclooctene followed by Wong and Sondheimer.
A synthesis for diyne 2.6 was reported in 1981 by W ong and 
Sondheimer starting from anthracene, Figure 2.5.49 This procedure was not 
practical for formation of diyne 2.6 on a very large scale because of the 
sealed tube reaction in the first step. Retrosynthetic examination of the 
route of Wong and Sondheimer shows that diyne 2.6 leads back through 
tetrabrom o com pound 2.5 to diene 2.4. Thus, retrosynthetic analysis was 
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Figure 2.6 Four retrosynthetic routes proposed for diene 2.4.
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Four retrosynthetic routes were proposed for diene 2.4 as shown in 
Figure 2.6. In route A, retroanalysis of 2.4 goes through a dibrom o 
com pound 2.3 back to 5,6,1 l,12-tetrahydrodibenzo[rt,c]cyclooctene, 2.1, 
which can be prepared by coupling a,a'-dibrom o-o-xylene. In route B, 
diene 2.4 could be formed by Ramberg-Backlund rearrangem ent of the 
tetrabrom inated bissulfone 2.10. Disconnection of compound 2.10 leads 
back to the bissulfone 2.9 which is formed by the oxidation of dithiecin 2.8. 
C om pound 2.8 can be disconnected back to l,2-bis(m ercaptom ethyl)- 
benzene 2.7 and cx,a'-dibromo-o-xylene. Diene 2.4 was disconnected in 
route C through a Wittig reaction back to o-phthalaldehyde and o- 
xylenebis(triphenylphosphonium  bromide) 2.11 which can be prepared 
from a,a'-dibromo-o-xylene. In the final route D, diene 2.4, as shown in the 
rou te  of W ong and Sondheim er in F ig u re  2.4, leads back to 
dibenzobarrelene 2.13 which can be prepared by an alternative method by 
reacting benzyne with napthalene.50 After diene 2.4 is prepared by the best 
route, diyne 2.6 is synthesized by the method of Wong and Sondheimer as 
shown in Figure 2.5.
2.3 Forward Synthetic Routes in Preparing the Bridged
Cyclopentadienyl Ligands.
In preparing the three novel bridged cyclopentadienyl ligands, the 
forward synthesis begins with the Diels-Alder reaction of the diyne 2.6 with 
various dienes: 1,3-cyclopentadiene, dim ethylfulvene, and 1,2,3,4,5-
pentam ethylcyclopentadiene as show n in Figure 2.7. The Diels-Alder 
diadduct is then hydrogenated by the appropriate method to produce the 
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Figure 2.7 Forward synthetic route for the preparation of the
bridged cyclopentadienyl ligands from the dienes: 1,3- 
cyclopentadiene (R4, R^, r3 , R4 = H), dimethylfulvene 
(R1, R2 = = <  , R3 = h ,  R4 = t-butyl) and 1,2,3,4,5- 
pentamethylcyclopentadiene (R4 = H, R^, r3 , R4 = CH3).
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then be formed by the retro-Diels-Alder reaction of the hydrogenated 
diadduct using flash vacuum  pyrolysis. The first step in preparing the 
metallocenes is the addition of an alkyllithium, such as methyllithium, to 
the cyclopentadienylated ligand to form the lithiated dianion. The 
appropriate metal sources m ust then be found to prepare the metallocenes.
2.4 Results and Discussion.
2.4.1 Forward Synthesis Towards 5,6,11,12-Tetradehydrodibenzo- 
[fl,e]cyclooctene, '2.6'.
2.4.1.1 Synthesis of Diene '2.4' via Route A.
As shown in Figure 2.8, the forward synthesis of route A began with 
the preparation of 5 ,6, l l , 12-tetrahydrodibenzo[/7,e]cyclooctene, 2.1, by the 
procedure of Boudjouk, Sooriyakumaran and H an who obtained an 80% 
yield of 2.1.51 In following this procedure the highest yield was obtained 
when a 25 weight percent lithium  dispersion was added to a dissolved 
solution of a,a '-d ibrom o-o-xylene using THF. After sonication of this 
mixture for 2 hours, the excess lithium was removed by filtration and the 
THF was evaporated under vacuum  resulting in a caramel colored 
polymer. After repeated chromatography to remove the product from the 
polymer-like impurities, only a 17% yield of pure 2.1 could be isolated. 
This material was recrystallized from ethyl acetate and resulted in x-ray 
quality crystals for which the crystal structure was determ ined .52'53 Figure 
2.9 is the ORTEP54 drawing of 2.1 which indicates that the eight-membered 
ring  adop ts the chair conform ation  and  th a t the m olecule is
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centrosymmetric. In Table 2.1 the fractional atomic coordinates are given 
for the crystal structure of 2.1. The structural features of bond distances, 
bond angles, selected torsion angles and the coordinates assigned to the 
hydrogen atoms of 2.1 are included in Tables 2.2 through 2.5 respectively. 
From the second crop of crystals, the desired product 2.1 was obtained 
a lo n g  w ith  a la rg e  am o u n t of the trim er 5,6,11,12,17,18- 
hexahydrotribenzo[fl,e,z']cyclododecene, 2.2. Further crystal crops contained 
only the trimer 2.2. Multiple repetitions of this reaction produced the same 
results. Boudjouk, Sooriyakumaran and Flan do not mention the formation 
of trimer or polymer in their results. They believe that w hen lithium  is 
used the reaction proceeds through an ionic interm ediate favoring the 
formation of the dimer 2.1. However, they noted w hen zinc was used the 
oc,a'-dibromo-0-xylene polymerizes which probably is occurring through a 
free-radical mechanism .51'55






5 ,6 ,11 ,12-tetrah yd ro-
dibenzo[(7,e]cyclooctene
2.2
















Figure 2.9 ORTEP drawing of 5,6,1 l ,12-tetrahydrodibenzo[a,e]- 
cyclooctene, 2 .1 .
ki
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Table 2.1 Fractional Atomic Coordinates and Equivalent 
Isotropic Thermal Parameters (A2) for 2.1.
Beq — (8K2/3)ZjZjUijai aj apaj
Atom X y z Beq(A2)
C l -0.0660(1) 0.2734(1) 0.57860(7) 3.26(2)
C2 0.1219(2) 0.2526(1) 0.53954(7) 3.30(2)
C3 0.1762(1) 0.3699(1) 0.44597(7) 3.62(2)
C4 -0.2236(1) 0.4131(1) 0.52903(7) 3.56(2)
C5 -0.1071(2) 0.1617(1) 0.66603(7) 4.01(2)
C6 0.0337(2) 0.0339(2) 0.71528(9) 4.59(2)
C7 0.2184(2) 0.0137(2) 0.67771(8) 4.67(2)
C8 0.2618(2) 0.1214(1) 0.59025(8) 4.12(2)
Table 2.2 Bond Distances (A) for 2.1.
C l C2 1.400(1) C3 C4'
C l C4 1.503(1) C5 C6
C l C5 1.398(1) C6 C7






Table 2.3 Bond Angles (°) for 2.1.
C2 C l C4 121.56(8) C2 C3 C4' 114.67(8)
C2 C l C5 118.97(9) C l C4 C3' 114.65(7)
C4 C l C5 119.47(9) C l C5 C6 121.6(1)
C l C2 C3 121.56(8) C5 C6 C7 119.7(1)
C l C2 C8 118.43(9) C6 C7 C8 119.8(1)
C3 C2 C8 120.00(9) C2 C8 C7 121.5(1)
Table 2.4 Selected Torsion Angles C0) for 2.1.
C l C2 C3
C2 C l C4
C8 C2 C3
C5 C l C4
C2 C3 C4'





C l' -109.7 (1)
C3 0.2 (2)
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Table 2.5 Coordinates Assigned to Hydrogen Atoms for 2.1.
Atom X y z Biso(A^)
H3a 0.069(2) 0.359(1) 0.3849(8) 4.8(3)
H3b 0.297(1) 0.308(1) 0.4218(7) 4.7(3)
H4a -0.244(1) 0.388(1) 0.4507(9) 4.2(2)
H4b -0.356(2) 0.382(1) 0.5578(8) 4.7(2)
H5 -0.246(2) 0.177(1) 0.6944(7) 5.4(3)
H 6 0 .002(2) -0.047(2) 0.780(1) 6.1(3)
H7 0.316(2) -0.076(1) 0.7088(8) 6.1(3)
H 8 0.389(2) 0.109(1) 0.5592(9) 4.9(2)
The next step in the forward synthesis of route A, shown in Figure 
2.8, was the brom ination of the dim er 2.1. 5,ll-d ibrom o-5 ,6,11,12- 
tetrahydrodibenzo[fl,e]cyclooctene, 2.3, was obtained in 89% yield with only 
a minor modification of the procedure used by Cope and Fenton and of 
Moore and Mitchell in preparing this com pound .56'57 Com pound 2.3 was 
used without further purification.
Diene 2.4 was prepared from dibromo compound 2.3 following the 
procedure that M an, Mak and W ong used in taking a tribrom ide 
compound to an acetylene.58 An 81% yield of diene 2.4 was obtained after 
chromatography of the crude material using almost three liters of hexanes. 
The overall yield of route A was only 12%. This route was also not very 
efficient due to the use of large volumes of solvents for purification by 
chromatography.
2.4.1.2 A ttem pted Synthesis of Diene '2.4' via Route B.
An attem pt was m ade at p reparing  diene 2.4 by the forw ard 
synthesis of route B as shown in Figure 2.10. Using a slight modification of
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the procedure of Au, Mak and Chan, a,a'-dibrom o-o-xylene was reacted 
w ith l,2-bis(m ercaptom ethyl)benzene, 2.7, prepared in 63% yield by the 
procedure of U rquhart, Gates, and Connor.59'60 Only a 20% yield of 
5,7,12,14-tetrahydrodibenzo[c,/j][l,6]dithiecin, 2.8, was produced when 
d isso lv ing  in  benzene the o t,a '-d ib ro m o -o -x y le n e  and  the 1,2- 
bis(mercaptomethyl)benzene, 2.7, and then adding this dibrom ide/dithiol 
solution dropwise to a solution of KOH. However, the reaction was not 
repeated following the literature procedure in which Au, Mak and Chan 
reported a 75% yield. This yield was obtained when dibrom ide was 
dissolved in benzene and the dithiol in the KOH solution and these 
separate solutions were added sim ultaneously to a benzene/ethanol 
solution .59 The dithiecin 2.8 was stored under argon and in the dark after 
attem pted benzene recrystallization in the air of the off-white colored 
product resulted in black material. Au, Mak and Chan did not mention any 
decomposition of this type.
Dithiecin 2.8 was oxidized w ith m -chloroperoxybenzoic acid 
(MCPBA) to give bissulfone 2.9 using the general oxidation procedure 
given for MCPBA by Fieser and Fieser.61 A larger than theoretical amount 
of highly insoluble material was produced which was extremely difficult to 
characterize. The only reference found for bissulfone 2.9 was in a 1903 
paper of A utenrieth and Briining who stated that this com pound was 
invariably insoluble .62 They recrystallized a small amount from absolute 
ethanol, but attem pts at repeating these results were unsuccessful. ^H 
NMR and solid state ^ C  NMR of this material contained reasonable peaks 
for the aromatic and methylene hydrogens and carbons of bissulfone 2.9. 
This material, speculated to be the bissulfone, dissolved slightly in o- 
dichlorobenzene; thus, the brom ination to form the tetrabrom inated
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bissulfone 2.10 using brom ine was attem pted in o -d ich lo robenzene; 
however, no product was formed. In another attem pt, the brominating 
reagent used  w as 1,2-dibrom otetrafluoroethane in the presence of 
potassium  f-butoxide. This reaction also resulted in no form ation of 
compound 2.10.
S
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Figure 2.10 Attempted synthesis of dibenzo[«,c]cyclooctene, 2.4, 
via route B.
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Before attem pts at preparing diene 2.4 via route B were entirely 
given up, some of the bissulfone 2.9 was pyrolyzed through a flash vacuum 
pyrolysis furnace at 500 °C in hopes of attaining compound 2.1 through the 
loss of sulfur dioxide. GC and NMR analysis show ed no peaks for 
com pound 2.1 in the yellow colored benzene solution collected after the 
pyrolysis of 2.9. Thus, the search for a synthesis of 2.4 via route B was 
ended.
2.4.1.3 Synthesis of Diene '2.4' via Route C.
C H 2Br
+ P h ,P
C B ,B r
D M F
Li + 'O E T  
in abs. EtOH
D M F








C H 2— +P P h3Br- 
2.11
o -x y len eb is(tr ip h en y l-  




Figure 2.11 Synthesis of dibenzo[t?,c]cyclooctene, 2.4, via 
route C.
Using the literature procedure of Griffin and Peters,63 diene 2.4 was 
synthesized in only a 3% yield by the W ittig reaction. Shown in the
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forward synthesis of route C in Figure 2.11, o-phthalaldehyde was reacted 
w ith o-xylenebis(triphenylphosphonium  brom ide) p repared  by the 
procedure of Griffin, Martin and Douglas.64 In the literature procedure, an 
18% yield of diene 2.4 was produced. In the results of a Wittig reaction 
carried out with similar compounds, Man, Mak and Wong reported a 2.4% 
yield of the Wittig product and an 18% yield of an ether/alkene byproduct 
which could be converted into the diene in a 42% yield by using LDA.58 
The formation of an ether/alkene byproduct such as compound 2.12 could 
explain the lower yield of diene 2.4. Because of the low yield of diene and 
the am ounts of solvent necessary in the chrom atography of the crude 
reaction m ixture, this route tow ards diene 2.4 was found to be too 
inefficient and too expensive.
2.4.1.4 Synthesis of Diene '2.4' via Route D and the Continued 
Synthesis to Form Diyne '2.6'.
Route D, shown in Figure 2.12, was the best synthesis found for 
preparation of diene 2.4. Diene 2.4 was synthesized via the photochemical 
rearrangem ent of dibenzobarrelene, 2.13, which was prepared by the 
procedure of Rabideau from naphthalene reacted with benzyne made from 
anthranilic acid.50 A 20% yield of 2.13 was reported by Rabideau; however, 
the best yield obtained after repeating this procedure many times was 13%. 
Although the yield of this reaction is low, the reagents used are inexpensive 
and the reaction can be performed on a large scale.
With the use of a Rayonet Photochemical reactor having 2537 A 
lam ps, a THF solution of dibenzobarrelene was photoisom erized to 
dibenzo[rt,e]cyclooctene, 2.4, following the procedure of Rabideau,
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H am ilton and Friedm an.65 The four liters of THF used  in  the 
photoisomerization were evaporated off of the product and were recycled. 
Crystallization of the crude product from petroleum  ether resulted in an 
80% yield of diene 2.4 which was better than the literature yield of 75%. 
D ibenzosem ibullvalene, 2.14, also forms in the photoisom erization of 
dibenzobarrelene but is removed from diene 2.4 during recrystallization.
As further shown in Figure 2.12, the purified diene 2.4 was then 
used to prepare the diyne, 5,6,ll,12-tetradehydrodibenzo[fl,c]cyclooctene, 
2.6, by the procedure of Wong and Sondheimer.49 First, the diene 2.4 was
Figure 2.12 Synthesis of dibenzo[«,c]cyclooctene, 2.4, via route D and 
continued synthesis to 5,6,ll,12-tetradehydrodibenzo[fl,e]- 
cyclooctene, 2.6.
C H C H 2C H 2O N OHC1, ab s. E tO H ,
1 ,2 -d ic h lo r o e th a n e ,
a n th ra n ilic  ac id
2.13
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brominated with bromine in carbon tetrachloride using flood lamps unlike 
in the procedure of Wong and Sondheimer where UV lamps were used. 
A nother m odification m ade to the procedure was the use of sodium  
bisulfite to rid the reaction mixture of excess bromine prior to evaporation 
of the carbon tetrachloride. The crude tetrabrom o com pound 2.5 was 
recrystallized from cyclohexane giving a 73% yield. The x-ray crystal 
structure for tetrabrom o com pound 2.5 was solved from a pale yellow 
crystal obtained after repeated recrystallization from cyclohexane.52'53-66 
The ORTEP drawing for 5,6,ll,12-tetrabromo-5,6,11,12-tetrahydrodibenzo- 
[fl,e]cyclooctene, 2.5, given in Figure 2.13, indicates that the eight-membered 
ring adopts a twist boat conformation and the bromines are in the trans, 
trans orientation.54 In Table 2.6 the fractional atomic coordinates are given 
for the crystal structure of 2.5. The structural features of bond distances, 
bond angles, selected torsion angles and the coordinates assigned to the 
hydrogen atoms of 2.5 are included in Tables 2.7 through 2.10 respectively.
In the preparation of the diyne 2.6 from the tetrabromo compound 
2.5, modifications were made to the procedure of Wong and Sondheimer.49 
The tetrabromo compound 2.5 was dissolved in anhydrous THF and was 
added to a THF solution of potassium f-butoxide, and after only 10 minutes 
the reaction was complete. The product was extracted into ether after the 
excess base was neutralized. Exposure to air and light was limited because 
decom position was noted w hen chrom atography was perfom ed on the 
diyne 2.6 in an earlier preparation in which the literature procedure was 
followed exactly. The organic layer was dried over anhydrous MgSC>4, the 
solvent was evaporated, and the crude diyne 2.6 was dried under high 
vacuum without purification by chromatography. The crude diyne 2.6 was 








Figure 2.13. ORTEP drawing of 5,6,ll,12-tetrabromo-5,6,ll,12- 
tetrahydrodibenzo[fl,e]cyclooctene, 2.5. COCO
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Table 2.6 Fractional Atomic Coordinates and Equivalent 
Isotropic Thermal Parameters (A2I for 2.5.
Beq — (8rc2/3)EiEjUijai aj aj*aj
Atom X y z Beq(A2)
Brl 0.60363(8) 0.39773(4) 0.69203(6) 3.64(1)
Br2 0.33506(9) 0.38374(5) 0.86696(6) 4.07(1)
Br3 0.28634(8) 0.06558(4) 0.91780(5) 3.19(1)
Br4 0.63986(8) 0.08672(5) 0.82157(6) 4.27(1)
C l 0.0409(7) 0.1311(4) 0.7133(5) 3.1(1)
C2 -0.0923(7) 0.1624(5) 0.6479(5) 3.5(1)
C3 -0.0971(7) 0.2504(5) 0.6111(5) 3.5(1)
C4 0.0331(7) 0.3022(4) 0.6370(5) 3.2(1)
C5 0.1697(6) 0.2707(3) 0.7019(4) 2.21(9)
C6 0.3077(7) 0.3329(3) 0.7241(4) 2.5(1)
C7 0.4674(6) 0.2973(3) 0.7090(4) 2.22(9)
C8 0.4485(6) 0.2343(3) 0.6160(4) 2.3(1)
C9 0.4424(7) 0.2640(4) 0.5138(5) 3.3(1)
CIO 0.4143(8) 0.2077(5) 0.4277(5) 4.1(1)
C ll 0.3907(9) 0.1181(5) 0.4444(5) 4.4(2)
C12 0.3948(8) 0.0876(4) 0.5451(5) 3.4(1)
C13 0.4260(6) 0.1437(3) 0.6324(4) 2.22(9)
C14 0.4226(7) 0.1025(3) 0.7395(4) 2.5(1)
C15 0.3257(6) 0.1486(3) 0.8089(4) 2.4(1)
C16 0.1731(6) 0.1834(3) 0.7420(4) 2.20(9)
Table 2.7 Bond Distances (A) for 2.5.
Brl C7 1.966(5) C6 C7 1.538(8)
Br2 C6 1.965(5) C7 C8 1.516(7)
Br3 C15 1.966(5) C8 C13 1.407(7)
Br4 C14 1.981(5) C8 C9 1.383(8)
C l C2 1.370(8) C9 CIO 1.381(9)
C l C16 1.382(8) CIO C ll 1.39(1)
C2 C3 1.41(1) C ll C12 1.37(1)
C3 C4 1.361(8) C12 C13 1.391(8)
C4 C5 1.390(7) C13 C14 1.521(8)
C5 C16 1.417(7) C14 C15 1.518(8)
C5 C6 1.505(7) C15 C16 1.520(7)
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Table 2.8 Bond
C l C2 C3 119.8(6)
C l C16 C5 118.9(4)
C l C16 C15 122.3(4)
C2 C l C16 121.2(6)
C2 C3 C4 119.7(5)
C3 C4 C5 121.0(5)
C4 C5 C6 116.7(4)
C4 C5 C16 119.4(5)
C5 C6 C7 117.5(4)
C5 C16 C15 118.7(4)
C6 C5 C16 123.9(4)
C6 C7 C8 111.5(4)
Brl C7 C6 108.9(3)
Brl C7 C8 111.6(4)
Br2 C6 C5 111.2(4)
Br2 C6 C7 108.4(3)
Angles (°) for 2.5.
C7 C8 C9 121.7(5)
C7 C8 C13 119.4(5)
C8 C9 CIO 122.1(6)
C8 C13 C12 118.9(5)
C8 C13 C14 124.4(4)
C9 C8 C13 118.7(5)
C9 CIO C ll 118.9(6)
CIO C ll C12 119.8(6)
C ll C12 C13 121.5(6)
C12 C13 C14 116.6(5)
C13 C14 C15 117.6(4)
C14 C15 C16 110.5(4)
Br4 C14 C13 109.9(4)
Br4 C14 C15 108.9(3)
Br3 C15 C14 109.1(3)
Br3 C15 C16 111.5(4)
Table 2.9 Selected Torsion Angles C°1 for 2.5.
C5 C6 C7 C8 36.2(6)
C13 C14 C15 C16 39.3(6)
C6 C7 C8 C13 -89.0(6)
C14 C15 C16 C5 -91.2(5)
C6 C5 C16 C15 -1.8(8)
C7 C8 C13 C14 -1.4(8)
C8 C13 C14 C15 45.8(8)
C16 C5 C6 C7 48.3(7)
Br2 C6 C7 Brl -73.2(4)
Br4 C14 C15 Br3 -71.9(4)
Table 2.10 Coordinates Assigned to Hydrogen Atoms for 2.5.
Atom X y z Biso(
HI 0.0423 0.0723 0.7393 4
H2 -0.1811 0.1250 0.6273 4
H3 -0.1907 0.2733 0.5684 4
H4 0.0305 0.3608 0.6102 4
H6 0.2784 0.3761 0.6701 3
(table con'd.)
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H7 0.5149 0.2643 0.7699 2
H9 0.4581 0.3250 0.5024 4
H10 0.4110 0.2296 0.3582 5
H l l 0.3716 0.0783 0.3861 5
H12 0.3759 0.0267 0.5554 4
H14 0.3696 0.0480 0.7210 3
H15 0.3819 0.1979 0.8429 3
2.4.2 Synthesis of Dibenzo[a,<?]tricyclo[9.3.0.04/8]tetradeca-
l(ll),4(8),5/12-tetraene/ 2.17, from 5,6,11,12-Tetradehydro- 
dibenzo[n,e]cyclooctene, 2.6, and 1,3-Cyclopentadiene.
The synthesis of d ib en zo [fl,e ]tr icy c lo [9 .3 .0 .0 4 /8 ]te trad eca - 
l(ll) ,4 (8 )/5,12-tetraene, 2.17, began with the Diels-Aider reaction of the 
freshly prepared diyne 2.6 and freshly cracked 1,3-cyclopentadiene for 24 
hours as outlined in Figure 2.14. After m ost of the dicyclopentadiene, 
form ed from using excess cyclopentadiene, was rem oved using high 
vacuum, the crude product was washed with cold hexanes to remove the 
remaining impurities. It was discovered that the more soluble anti isomer 
of 2.15, present in the product mixture in about 20%, was almost entirely 
lost in the hexane wash. As determined from the GC of the crude product 
and calculated from the num ber of moles of the tetrabromo compound 2.5, 
this reaction produced a 76% yield of the syn and anti isom ers of 
dibenzo[fl,c]pentacyclo[12.2.1. l6-9.o2,13_C)5,10]octadeca-2(13),5(10), 7,15- 
tetraene, 2.15. All analyses were made on the less soluble syn isomer. The 
syn isomer dissolved best in benzene and xylenes in which it was only 
slightly soluble and slightly in chloroform in which it was sparingly 
soluble. Total assignm ent of the pro ton  and carbon spectra were 
determ ined from the 400 MHz 2D correlation or heteronuclear
chemical shift correlation (ITETCOR) show n in Figure 2.15 and the 
quaternary carbons from the long range correlation run in the inverse mode
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or heteronuclear multiple quantum  coherence (HMQC)67 shown in Figure 
2.16. In Figure 2.17, the region of the downfield protons of the long range 
correlation was expanded to better show the long range interactions. Direct 
interaction was also seen for the aromatic and alkene protons w ith the 




di benzo[fl,t’] pentacyclo[12.2 .1.16,y. 02/l3.05'10]- 
octadeca-2(13),5(10),7,15-tetraene
hydrogenation




dibenzo[rt,(’]pentacyclo[12.2 .1.16'y.l)2,13.05'10]- dibenzo[rt,t’]tricyclo[9.3.0.04'8]- 
octadeca-2(13),5(10)-diene tetradeca-l(ll),4(8),5 ,12-tetraene
Figure 2.14 Synthesis of dibenzo[fl,e]tricyclo[9.3.0.04/8]tetradeca-
l(ll),4(8),5,12-tetraene, 2.17, from 5,6,11,12-tetradehydro- 
dibenzo^clcyclooctene, 2.6, and 1,3-cyclopentadiene.
Compound 2.15 was hydrogenated to compound 2.16 with 5% P d /C  
under 40 psi of hydrogen  in xylenes. Solvent evaporation  and 
recrystallization from benzene yielded 79% of the syn isomer in the form of
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clear, colorless crystals of dibenzo[fl,c]pentacyclo[12.2.1.l6-9,o2/13o5,10]_ 
octadeca-2(13),5(10)-diene, 2.16. The proton and carbon spectra were 
assigned from the 400 MHz 2D correlation (HETCOR) show n in
Figure 2.18 and from the long range correlation ran in the inverse mode or 
heteronuclear m ultiple quantum  coherence (HMQC)67 shown in F igure
2.19. As seen in Figure 2.18, total assignment of the aromatic carbons C25 
and C26 and the aromatic hydrogens H I and H2 could not be m ade 
because of overlapping peaks. An expanded view of the region of the 
bridgehead protons H5 and the upfield protons, shown in Figure 2.20, was 
used to assign the quaternary carbons C l and C8 and the upfield protons 
H3, H4, H6 and H7. The NMR assignments for H6 and H7 were confirmed 
by using the x-ray structural data of 2.16 in PC M odel version 4 to 
determine the coupling between H5 and H6 and between H5 and H7. The 
top view of the ORTEP drawing of compound 2.16 is given in Figure 2.21 
and the side view showing overlapping norbornene rings is found in Figure 
2.22. In the crystal structure, the eight-membered ring adopted the boat 
conformation while a twist-boat conformation was assumed in PC Model 
calculations of the minimized structure. In Table 2.11 the fractional atomic 
coordinates are given for the crystal structure of 2.16. The structural 
features of bond distances, bond angles, selected torsion angles and the 
coordinates assigned to the hydrogen atoms of 2.16 are included in Tables 
2.12 through 2.15 respectively.
Dibenzo[rt,c]tricyclo[9.3.0.C)4>8]tetradeca-l(ll),4(8),5,12-tetraene, 2.17, 
was formed upon the pyrolysis of compound 2.16 under high vacuum at 
700 °C. GC/M S data indicated complete conversion to 2.17; however, this 
material was not isolated due to possible polymerization. Metallocene 


































Figure 2.16 Long range correlation ran in the inverse mode 











PPM6 . 6 06 . 8 07 . 0 0
PPM
7 . 2 07 . 4 0
oc
Figure 2.17 Expanded view of the long range correlation of































































Figure 2.22 ORTEP side view of dibenzo[fl,e]pentacyclo-
[12.2.1.16/9.02A3.05,10]Octadeca-2(13),5(10)-diene/ 2.16.
O s
Table 2.11 Fractional Atomic Coordinates and Equivalent 
Isotropic Thermal Parameters for 2.16.
Beq = (87t2/3)SiZjUijai
t  *aj apaj
Atom X z Beq(A2)
Cl 0.7369(1) 0.2621(1) 0.3174(1) 2.47(2)
C2 0.6086(1) 0.2282(1) 0.4007(1) 2.47(2)
C3 0.5450(1) 0.2580(1) 0.5267(1) 2.52(2)
C4 0.6043(1) 0.2120(1) 0.6514(1) 2.61(2)
C5 0.7327(1) 0.1235(1) 0.6708(1) 2.60(2)
C6 0.8612(1) 0.1516(1) 0.5877(1) 2.67(2)
C7 0.9169(1) 0.2844(1) 0.4504(1) 2.69(2)
C8 0.8577(1) 0.3369(1) 0.3250(1) 2.58(2)
C9 0.7346(1) 0.2313(1) 0.1864(1) 2.88(2)
CIO 0.6448(1) 0.3550(1) 0.0880(1) 3.50(3)
C ll 0.4980(1) 0.3181(1) 0.1839(1) 3.63(3)
C12 0.5220(1) 0.1753(1) 0.3241(1) 2.97(2)
C13 0.6335(1) 0.0951(1) 0.2577(1) 3.33(2)
C14 0.4149(1) 0.3262(1) 0.5258(1) 3.23(3)
C15 0.3457(1) 0.3536(1) 0.6411(1) 3.79(3)
C16 0.4039(1) 0.3095(1) 0.7629(1) 4.01(3)
C17 0.5306(1) 0.2379(1) 0.7686(1) 3.53(3)
C18 0.7420(1) -0.0157(1) 0.8129(1) 3.19(2)
C19 0.8254(2) 0.0320(2) 0.8992(1) 4.03(3)
C20 0.9727(1) 0.0638(2) 0.8041(1) 3.95(3)
C21 0.9552(1) 0.0300(1) 0.6753(1) 3.25(2)
C22 0.8524(1) -0.1051(1) 0.7569(1) 3.64(3)
C23 1.0387(1) 0.3561(1) 0.4426(1) 3.59(3)
C24 1.0979(1) 0.4802(2) 0.3175(1) 4.10(3)
C25 1.0390(1) 0.5327(1) 0.1951(1) 3.85(3)
C26 0.9224(1) 0.4600(1) 0.1980(1) 3.23(2)
Table 2.12 Bond Distances f Ai for 2.16.
C l C2 1.346(1) C9 CIO 1.554(2)
C l C8 1.474(2) C9 C13 1.530(2)
C l C9 1.526(2) CIO C ll 1.542(2)
C2 C3 1.476(2) C ll C12 1.560(1)
C2 C12 1.527(2) C12 C13 1.533(2)
C3 C4 1.406(2) C14 C15 1.380(2)
C3 C14 1.400(2) C15 C16 1.377(2)
C4 C5 1.476(2) C16 C17 1.383(2)
(table con'd.)
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C4 C17 1.403(2) C18 C19 1.557(2)
C5 C6 1.347(1) C18 C22 1.532(2)
C5 C18 1.521(1) C19 C20 1.543(2)
C6 C7 1.476(1) C20 C21 1.560(2)
C6 C21 1.526(1) C21 C22 1.532(2)
C7 C8 1.406(2) C23 C24 1.381(1)
C7 C23 1.402(2) C24 C25 1.378(2)
C8 C26 1.403(1) C25 C26 1.381(2)
Table 2.13 Bond Angles for 2.16.
C2 C l C8 131.2 (1) C l C8 C26 118.3 (1)
C2 C l C9 106.9 (1) C 7 C8 C26 118.4 (1)
C8 C l C9 121.30(8) C l C9 CIO 107.6 (1)
C l C2 C3 130.5 (1) C l C9 C13 100.35(8)
C l C2 C12 106.8 (1) CIO C9 C13 100.5 (1)
C3 C2 C12 121.91(9) C9 CIO C ll 102.77(8)
C2 C3 C4 123.17(9) CIO C ll C12 102.73(9)
C2 C3 C14 118.1 (1) C2 C12 C ll 106.8 (1)
C4 C3 C14 118.6 (1) C2 C12 C13 100.2 (1)
C3 C4 C5 122.9 (1) C ll C12 C13 100.64(8)
C3 C4 C17 118.3 (1) C9 C13 C12 93.42(9)
C5 C4 C17 118.4 (1) C3 C14 C15 122.1 (1)
C4 C5 C6 131.32(8) C14 C15 C16 119.5 (1)
C4 C5 C18 121.26(8) C15 C16 C17 119.7 (1)
C6 C5 C18 106.90(9) C4 C17 C16 121.8 (1)
C5 C6 C7 130.04(9) C5 C18 C19 107.5 (1)
C5 C6 C21 106.90(7) C5 C18 C22 100.37(8)
C7 C6 C21 122.25(9) C19 C18 C22 100.4 (1)
C6 C7 C8 122.9 (1) C18 C19 C20 102.7 (1)
C6 C7 C23 118.3 (1) C19 C20 C21 102.9 (1)
C8 C7 C23 118.67(8) C6 C21 C20 107.1 (1)
C l C8 C7 123.16(8) C6 C21 C22 100.20(9)
C20 C21 C22 100.23(9) C23 C24 C25 119.6 (1)
C18 C22 C21 93.6 (1) C24 C25 C26 119.8 (1)
C7 C23 C24 121.7 (1) C8 C26 C25 121.7 (1)
Table 2.14 Selected Torsion Angles (°) for 2.16.
C8 C l C2 C3 1.5 (2)
C4 C5 C6 C7 2.2(2)
C9 C l C2 C12 -0.1 (1)
(table con'd.)
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C18 C5 C6 C21 0.2(1)
C2 C3 C4 C5 -2.8 (2)
C6 C7 C8 C l -1.7 (2)
C2 C l C8 C7 56.2 (2)
C l C2 C3 C4 -54.7 (2)
C3 C4 C5 C6 56.5 (2)
C5 C6 C7 C8 -56.0 (2)
C l C9 C13 C12 51.6 (1)
C2 C12 C13 C9 -51.6 (1)
C5 C18 C22 C21 51.5 (1)
C6 C21 C22 C18 -51.2 (1)
Table 2.15 Coordinates for Hydrogen Atoms for 2.16.
Atom X ¥ z
H9 0.830(1) 0.223(1) 0.132(1) 3.9(3)
HlOa 0.652(1) 0.346(1) -0.008(1) 4.7(3)
H I Ob 0.681(1) 0.461(1) 0.060(1) 4.4(3)
H lla 0.427(1) 0.294(1) 0.137(1) 4.6(3)
H I lb 0.461(1) 0.405(1) 0.207(1) 4.4(3)
H12 0.436(1) 0.115(1) 0.388(1) 3.9(3)
H13a 0.670(1) 0.002(1) 0.335(1) 3.6(3)
H13b 0.602(1) 0.072(2) 0.183(1) 4.5(3)
H14 0.372(1) 0.357(1) 0.439(1) 4.3(3)
H15 0.256(1) 0.405(2) 0.632(1) 4.9(3)
H16 0.359(1) 0.328(2) 0.848(1) 5.1(3)
H17 0.569(1) 0.205(1) 0.853(1) 4.0(3)
H18 0.653(1) -0.068(1) 0.868(1) 3.6(3)
H19a 0.822(1) -0.053(2) 1.000(1) 5.2(4)
H19b 0.787(1) 0.124(1) 0.913(1) 4.2(3)
H20a 1.042(2) -0.005(2) 0.858(1) 5.7(4)
H20b 1.006(1) 0.169(2) 0.772(1) 5.1(3)
H21 1.043(1) 0.016(1) 0.618(1) 3.3(3)
H22a 0.821(1) -0.141(1) 0.692(1) 3.9(3)
H22b 0.891(1) -0.193(2) 0.837(1) 4.8(3)
H23 1.081(1) 0.320(1) 0.527(1) 4.3(3)
H24 1.178(2) 0.531(2) 0.319(1) 5.5(4)
H25 1.080(1) 0.619(1) 0.106(1) 4.6(3)
H26 0.882(1) 0.497(1) 0.109(1) 3.8(3)
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2.4.3 Attempted Synthesis of Dibenzo[fl,e]tricyclo[9.3.0.04^]- 
tetradeca-l(ll),4(8),5,12-tetraene, '2.17', from Dibenzo- 
[a,e]pentacyclo[12.2.1.1^^.02/13.0^10]octadeca-2(13),5(10),7,15- 
tetraene, '2.15', and Tetrachlorothiophene-1,1-dioxide.








F. V. F. -------- Cl
Cl Cl
2.17
Figure 2.23 Attempted synthesis of dibenzo[fl,e]tricyclo[9.3.0.04,8]- 
tetradeca-l(ll),4(8),5,12-tetraene, 2.17, from the retro- 
Diels-Alder reaction of the diadduct 2.18 formed from 2.15 
and tetrachlorothiophene-1,1-dioxide.
An attem pt was made at preparation of the desired ligand 2.17 from 
the D iels-A lder d iad d u c t p rep a red  from  dibenzo[fl,e]pentacyclo- 
[12.2.1.16,9 o2,13 o5,10]octadeca-2(13),5(10),7,15-tetraene, 2 . 1 5 ,  an d  
tetrachlorothiophene-1,1-dioxide as shown in Figure 2.23. In the MS 
analysis of the reaction mixture no peak was found for the product 2.18. If 
the product 2.18 did form it would most likely undergo retro-Diels-Alder
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reaction on the GC/M S to form product 2.17; however, only a very small 
peak was found with the molecular weight of product 2.17, but no peak 
was seen for the byproduct 1,2,3,4-tetrachlorobenzene.
2.4.4 Synthesis of Dibenzo[«,e]-6,13-bis(methylethylidene)tricyclo- 
L9.3.0.04'8]tetradeca-l(14),4,7,ll-tetraene, '2.21', from 5,6,11,12- 
Tetradehydrodibenzo[fl,e]cyclooctene, '2.6', and 
Dimethylfulvene.
As show n in Figure 2.24, the synthesis of dibenzo[fl,c]-6,13- 
bis(methylethylidene)tricyclo[9.3.0.04'8]tetradeca-l(14),4,7,ll-tetraene, 2.21, 
started with the Diels-Alder reaction of the freshly prepared diyne 2.6 and 
dimethylfulvene, which required about 60 hours. After most of the excess 
d im ethylfulvene was rem oved by evaporation under high vacuum , 
chrom atography was repeatedly perform ed to remove the polymer-like 
im purities yielding about 60% of both the syn and anti isom ers of 
com pound 2.19. Further chrom atography and recrystallization from 
hexanes gave yellow, rhombohedral shaped crystals of the syn isomer of
dibenzo[£i,e]-17,18-bis(methylethylidene)pentacyclo[12.2.1.l6/9.o2,13_o5,10]-
octadeca-2(13),5(10),7,15-tetraene, 2.19. Total assignment of the proton and 
carbon spectra were determined from the 500 MHz 2D 4H -48C correlation 
or heteronuclear chemical shift correlation (HETCOR) shown in Figure 2.25 
and the quaternary carbons from the long range correlation run in the 
inverse mode or heteronuclear multiple quantum  coherence (HMQC)67 
show n in Figure 2.26. In the long range correlation, the upfield region 
where the methyl groups occur was not relevant in making assignments to 
the quaternary carbons and thus was not shown. Q uaternary carbon C l 
was assigned by three bond interaction with IT2 and IT5 and two an d /o r
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BHT
/+  xs benzene
2.19
dibenzo[rt/e]-17,18-bis(m ethyletliylidene)- 












Figure 2.24 Synthesis of dibenzo[«,c]-6,13-bis(methylethylidene)tri- 
cyclo[9.3.0.04/8]tetradeca-l(14),4/7,ll-tetraene/ 2.21, from 
5,6,1 l,12-tetradehydrodibenzo[iz,c]cyclooctene, 2.6, and 
dimethylfulvene.
possib ly  three bond interaction w ith H4. Q uaternary carbon C8 was 
determ ined from three bond interaction with H I and H4 and two an d /o r 
possibly three bond interaction with H2. Quaternary carbon C13 had two 
bond interaction w ith H4 and three bond interaction w ith H5 while 
quaternary carbon C27 only had long range interaction with H4. The
53
ORTEP draw ing of the the top view of the crystal structure is shown in 
Figure 2.27 and the side view is found in Figure 2.28. In Table 2.16 the 
fractional atomic coordinates are given for the crystal structure of 2.19. The 
structural features of bond distances, bond angles, selected torsion angles 
and the coordinates assigned to the hydrogen atoms of 2.19 are included in 
Tables 2.17 through 2.20 respectively.
Com pound 2.19 was hydrogenated to compound 2.20 w ith 5% P d /C  
under 42 psi of hydrogen in xylenes. Solvent evaporation, chromatography 
and recrystallization from hexanes resulted in a 12% yield of pale yellow, 
hexagon shaped crystals of the syn isom er of d ib en zo ffl,* ? ]-^ ,^ -
bis(methylethylidene)pentacyclo[12.2.1.l6.9_o2,13-o5,10]oct:adeca- 
2(13),5(10)-diene, 2.20. The proton and carbon spectra were determ ined 
from the 500 MHz 2D correlation (HETCOR) given in Figure 2.29.
An expanded view of the aromatic region of the 2D correlation,
found in Figure 2.30, as well as the long range interactions, shown in Figure 
2.31, of the quaternary carbons C l and C8 with the aromatic protons H I 
and H2 w ere used to assign the arom atic carbons C25 and C26 and 
hydrogens H I and H2. The quaternary carbons C l, C8, C13 and C27 and 
the upfield protons H5 and H6 were determ ined from the long range 
correlation ran in the inverse mode (HMQC)67 shown in Figures 2.31 
through 2.33. The NMR assignm ents were confirmed by using x-ray 
structural data in PC Model version 4 as was done with compound 2.16.
Dibenzo[i?,e]-6,13-bis(methylethylidene)tricyclo[9.3.0.04/8]tetradeca- 
l(14),4 ,7 ,ll-tetraene, 2.21, was prepared by FVP at 700 °C of com pound
2.20. MS data indicated 100% conversion and the ^H NMR of the lithium 
salt con tained  peaks at expected values for the arom atic and 
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Figure 2.27 ORTEP top view of dibenzo[a,e]-17,18-bis(methyl-
ethylidene)pentacyclo[12.2.1.l6/9 o2,13-o5,10]octad eca-
2(13)/5(10),7,15-tetraene/ 2.19.




Table 2.16 Fractional Atomic Coordinates and Equivalent 
Isotropic Thermal Parameters (A^) for 2.19.
E>eq = (8ft2/3)£i£jUijai aj aj*aj
Atom X X z BeqCA^
C l 0.5563(2) 0.3865(2) 0.2377(1) 2.52(3)
C2 0.6441(2) 0.2922(2) 0.2363(1) 2.48(3)
C3 0.6290(2) 0.1535(2) 0.1774(1) 2.45(3)
C4 0.5109(2) 0.0444(2) 0.1819(1) 2.46(3)
C5 0.3842(2) 0.0569(2) 0.2396(1) 2.43(3)
C6 0.2951(2) 0.1507(2) 0.2358(1) 2.42(3)
C 7 0.2971(2) 0.2749(2) 0.1757(1) 2.52(3)
C8 0.4168(2) 0.3840(2) 0.1773(1) 2.60(3)
C9 0.6440(2) 0.5224(2) 0.2998(1) 3.16(3)
CIO 0.7679(2) 0.5787(2) 0.2337(1) 3.77(4)
C ll 0.8542(2) 0.4857(2) 0.2315(1) 3.68(4)
C12 0.7903(2) 0.3655(2) 0.2960(1) 3.03(3)
C13 0.7309(2) 0.4539(2) 0.3806(1) 3.21(3)
C14 0.7422(2) 0.1280(2) 0.1185(1) 3.20(3)
C15 0.7397(2) -0.0015(2) 0.0641(1) 3.75(4)
C16 0.6261(2) -0.1093(2) 0.0705(1) 3.66(3)
C17 0.5137(2) -0.0875(2) 0.1292(1) 3.19(3)
C18 0.3093(2) -0.0647(2) 0.3003(1) 3.11(3)
C19 0.1719(2) -0.1369(2) 0.2313(1) 3.73(4)
C20 0.0846(2) -0.0456(2) 0.2266(1) 3.74(4)
C21 0.1611(2) 0.0895(2) 0.2924(1) 3.14(3)
C22 0.2385(2) 0.0218(2) 0.3789(1) 3.22(3)
C23 0.1691(2) 0.2859(2) 0.1158(1) 3.28(3)
C24 0.1605(2) 0.3988(2) 0.0565(1) 4.17(4)
C25 0.2772(2) 0.5055(2) 0.0585(1) 4.42(4)
C26 0.4033(2) 0.4997(2) 0.1194(1) 3.59(4)
C27 0.7518(2) 0.4670(2) 0.4855(1) 4.34(4)
C28 0.8506(3) 0.3882(3) 0.5458(2) 6.57(6)
C29 0.6803(3) 0.5638(3) 0.5525(2) 6.82(6)
C30 0.2397(2) 0.0329(2) 0.4836(1) 4.34(4)
C31 0.3270(3) -0.0476(3) 0.5526(2) 6.82(6)
C32 0.1544(3) 0.1257(3) 0.5420(2) 6.53(6)
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Table 2.17 Bond Distances (A) for 2.19.
C l C2 1.341(2) C ll C12 1.534(2)
C l C8 1.469(2) C12 C13 1.528(2)
C l C9 1.553(2) C13 C27 1.324(2)
C2 C3 1.471(2) C14 C15 1.385(2)
C2 C12 1.550(2) C15 C16 1.371(2)
C3 C4 1.403(2) C16 C17 1.380(3)
C3 C14 1.397(2) C18 C19 1.536(2)
C4 C5 1.467(2) C18 C22 1.526(2)
C4 C17 1.408(2) C19 C20 1.316(3)
C5 C6 1.346(2) C20 C21 1.535(2)
C5 C18 1.548(2) C21 C22 1.523(2)
C6 C7 1.469(2) C22 C30 1.324(2)
C6 C21 1.550(2) C23 C24 1.383(3)
C7 C8 1.403(2) C24 C25 1.368(2)
C7 C23 1.403(2) C25 C26 1.382(3)
C8 C26 1.404(2) C27 C28 1.507(3)
C9 CIO 1.535(2) C27 C29 1.504(3)
C9 C13 1.526(2) C30 C31 1.508(3)
CIO C ll 1.320(3) C30 ' C32 ' 1.505(3)
Table 2.18 Bond Angles (°) for 2.19.
C2 C l C8 130.3(1)
C2 C l C9 106.4(1)
C8 C l C9 122.2(1)
C l C2 C3 131.2(1)
C l C2 C12 107.0(1)
C3 C2 C12 121.0(1)
C2 C3 C4 123.4(1)
C2 C3 C14 117.8(1)
C4 C3 C14 118.8(1)
C3 C4 C5 124.6(1)
C3 C4 C17 118.3(1)
C5 C4 C17 117.1(1)
C4 C5 C6 130.8(1)
C4 C5 C18 121.6(1)
C6 C5 C18 106.3(1)
C5 C6 C7 131.2(1)
C5 C6 C21 106.7(1)
C7 C6 C21 121.2(1)
C6 C7 C8 124.1(1)
(table con'd.)
Cl C8 C26 117.3(1)
C 7 C8 C26 118.6(1)
C l C9 CIO 107.3(1)
Cl C9 C13 98.3(1)
CIO C9 C13 97.8(1)
C9 CIO C ll 107.1(1)
CIO C ll C12 107.5(1)
C2 C12 C ll 107.4(1)
C2 C12 C13 97.9(1)
C ll C12 C13 97.7(1)
C9 C13 C12 93.9(1)
C9 C13 C27 133.9(2)
C12 C13 C27 132.1(2)
C3 C14 C15 121.6(1)
C14 C15 C16 119.7(2)
C15 C16 C17 119.8(2)
C4 C17 C16 121.6(1)
C5 C18 C19 107.3(1)
C5 C18 C22 98.4(1)
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C6 C7 C23 117.3(1) C19 C18 C22 98.0(1)
C8 C7 C23 118.5(1) C18 C19 C20 107.1(1)
C l C8 C7 124.0(1) C19 C20 C21 107.4(1)
C6 C21 C20 107.4(1) C24 C25 C26 120.0(2)
C6 C21 C22 97.9(1) C8 C26 C25 121.4(1)
C20 C21 C22 98.0(1) C13 C27 C28 122.4(2)
C18 C22 C21 93.8(1) C13 C27 C29 122.1(2)
C18 C22 C30 133.7(2) C28 C27 C29 115.5(2)
C21 C22 C30 132.4(2) C22 C30 C31 122.0(2)
C7 C23 C24 121.5(1) C22 C30 C32 122.6(2)
C23 C24 C25 119.8(2) C31 C30 C32 115.4(2)
Table 2.19 Selected Torsion Angles (°) for 2.19.
C8 Cl C2 C3 -2.4 (3)
C4 C5 C6 C7 -2.4 (3)
C9 Cl C2 C12 -0.7 (2)
C18 C5 C6 C21 -0.8 (2)
C2 C3 C4 C5 4.1 (2)
C6 C 7 C8 C l 1.1 (2)
C2 C l C8 C7 55.1 (2)
Cl C2 C3 C4 -55.6 (2)
C3 C4 C5 C6 52.7 (2)
C5 C6 C7 C8 -53.3 (2)
C l C9 C13 C12 54.6 (1)
C2 C12 C13 C9 -54.8 (1)
C5 C18 C22 C21 54.9 (1)
C6 C21 C22 C18 -55.1 (1)
Table 2.20 Coordinates for Hydrogen Atoms for 2.19.
Atom X y z Biso(E2)
H9 0.581(2) 0.589(2) 0.323(1) 3.8(4)
H10 0.776(2) 0.664(2) 0.198(1) 4.9(4)
H l l 0.940(2) 0.490(2) 0.195(1) 4.7(4)
H12 0.855(2) 0.300(2) 0.321(1) 3.9(4)
H14 0.825(2) 0.204(2) 0.115(1) 4.0(4)
H15 0.818(2) -0.011(2) 0.022(1) 5.0(4)
H16 0.621(2) -0.201(2) 0.033(1) 5.1(4)
H17 0.429(2) -0.167(1) 0.134(1) 3.6(4)
H18 0.373(2) -0.128(1) 0.328(1) 3.6(4)
H19 0.156(2) -0.232(2) 0.196(1) 5.6(5)
(table con'd.)
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H20 -0.007(2) -0.056(2) 0.189(1) 4.6(4)
H21 0.099(2) 0.158(2) 0.313(1) 4.6(4)
H23 0.086(2) 0.213(1) 0.118(1) 3.2(3)
H24 0.068(2) 0.398(2) 0.014(1) 6.0(5)
H25 0.280(2) 0.586(2) 0.015(1) 6.2(5)
H26 0.490(2) 0.578(2) 0.123(1) 4.2(4)
H28a 0.906(3) 0.327(3) 0.494(2) 11.6(8)
H28b 0.796(3) 0.332(2) 0.598(2) 10.7(7)
H28c 0.921(2) 0.458(2) 0.590(2) 8.4(6)
H29a 0.753(2) 0.628(2) 0.595(2) 8.2(6)
H29b 0.618(2) 0.505(2) 0.601(2) 8.8(6)
H29c 0.614(3) 0.626(2) 0.504(2) 10.7(8)
H31a 0.263(2) -0.104(2) 0.593(2) 8.3(6)
H31b 0.395(2) 0.021(2) 0.602(2) 9.2(7)
H31c 0.393(3) -0.111(2) 0.511(2) 11.4(8)
H32a 0.095(2) 0.071(2) 0.586(2) 8.8(6)
H32b 0.081(3) 0.174(3) 0.484(2) 11.5(8)
















p p o  6 ^ 2












C27 H5 H6 -125
-127
7.25 7.20 7.15 7.10 7.05ppm
Figure 2.30 Expanded view of the aromatic region of the 2D
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Figure 2.31 Expanded view of the aromatic region of the long range 














Figure 2.32 Expanded view of the bridgehead proton of the long range 



















Figure 2.33 Expanded view of the upfield protons of the long range 




2.4.5 Attempted Synthesis of Dibenzo[a,e]-6,13-bis(methyl-
ethylidene)tricyclo[9.3.0.04/8]tetradeca-l(14),4/7,ll-tetraene, 
'2.21', from Dibenzo[a,e]-17,18-bis(methylethylidene)- 
pentacyclo[12.2.1.l6,9.o2,13.o5,10]octadeca-2(13), 5(10), 7,15- 
tetraene, '2.19', and Tetrachlorothiophene-1,1-dioxide.
C l ^ S v ^ C I  











Figure 2.34 Attempted synthesis of dibenzo[fl,e]-6,13-bis(methyl- 
ethylidene)tricyclo[9.3.0.04/8]tetradeca-l(14),4,7,ll- 
tetraene, 2.21, from the retro-Diels-Alder reaction of the 
diadduct 2.22 formed from 2.19 and tetrachloro­
thiophene-1,1-dioxide.
As found by CI-MS analysis, an insignificant am ount of diadduct 
2.22 formed by the reaction given in Figure 2.34. In the G C/M S of the
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reaction mixture, 1,2,3,4-tetrachlorobenzene was found, but no peak was 
seen for 2.21 as would be expected by the retro-Diels-Alder reaction of 2.22.
2.4.6 Synthesis of Dibenzofa,el-1,6,7,8,9,14,15,16,17,18-decamethyl- 
pentacyclo[12.2.1.l6,9 o2,13 o5,10]octadeca-2(13),5(10),7,15- 
tetraene, '2.23', from '2.6' and 1,2,3,4,5-Pentamethylcyclo- 
pentadiene and Attempted Hydrogenation of '2.23' to '2.24'.

















d i benzo[rt,i’]-l ,6,7,8,94 4,15,16,17,18-deca-
m ethylpentacycIo[12.2.1.lr’,y.()2'l:\ o 5'U1]-
octadeca-2(13),5(lt))-diene
2.25
d ibenzol/t/’l-S A ? , 12,13,14-hexa-
m ethyltricyclo[9.3.0.t)4'8]tetra-
d eca -l(14 ),4 ,7 ,ll-tetraen e
Figure 2.35 Synthesis of dibenzo[rt,c]-l,6,7,8,9,14,15,16,17,18-decamethyl-
pentacyclo[12.2.1.l6,9.o2,13.05,10]octaciec:a.2(i3)/5(io)/7/15-
tetraene, 2.23, from 2.6 and 1,2,3,4,5-pentamethylcyclo- 
pentadiene.
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In  the sy n th e s is  to w a rd s  d ib e n z o [fl,c ]-5 ,6 ,7 ,1 2 ,1 3 ,1 4 -  
hexamethyJtricyclo[9.3.0.C)4/8]tetradeca-l(14),4,7,ll-tetraene, 2.25, shown in 
Figure 2.35, progress up to dibenzo[fl,c]-l,6,7,8,9,14,15,16,17,18-decamethyl- 
pentacyclo[12.2.1.l6/9.o2,13_o5,10]OC|;acjeca_2(i3)/5(iO),7,15-tetraene, 2.23, 
was achieved from the Diels-Alder reaction of freshly prepared diyne 2.6 
w ith 1,2,3,4,5-pentamethylcyclopentadiene and its m ethyl shift isomers. 
After chrom atography using hexanes, a 67% yield was obtained of eighteen 
or m ore isomers of compound 2.23 as identified by GC/M S. Attem pts at 
hydrogenating com pound 2.23 to com pound 2.24 using isom erization 
conditions such as addition of acid have failed.
2.5 Conclusions.
Formation of the novel ligands from a Diels-Alder/retro-Diels-Alder 
reaction approach has been quite successful beginning w ith the freshly 
p repared  diyne: 5 ,6 ,ll,12-tetradehydrodibenzo[«,£’]cyclooctene and
reacting w ith the dienes: 1,3-cyclopentadiene and dim ethylfulvene.
However, im provem ents are still necessary. In future work tow ards the 
ligand from dimethylfulvene, a more efficient method of hydrogenating the 
Diels-Alder diadduct is required. The retro-Diels-Alder reaction conditions 
m ust also be optim ized for the formation of both of these novel ligands. 
The preparation of a metal complex with either of these ligands has been 
unsuccessful; thus, a search must continue for the appropriate metal source 
so that the ligands may be fully characterized. In the approach to the novel 
ligand prepared from the diene, 1,2,3,4,5-pentamethylcyclopentadiene, 
hydrogenation should next be attem pted after isomerization of the target 
double bond of the Diels-Alder diadduct using potassium diaminopropane.
70
2.6 Experimental.
2.6.1 M aterials and M ethods.
N -brom osuccinim ide (NBS) w as purified  by the procedure of 
D auben and  M cC oy .68 m -Chloroperoxybenzoic acid (MCPBA) was 
purified by the procedure of Schwartz and Blumbergs.69 Freshly cracked 
1,3-cyclopentadiene was collected and  briefly stored  at -78°C. 1,3-
Cyclopentadiene acted as both reactant and solvent in the Diels-Alder 
reaction. Dimethylfulvene, prepared by the procedure of Freiesleben, was 
stored in the freezer under argon .70 1,2,3,4,5-Pentamethylcyclopentadiene 
was purchased from Aldrich. Tetrachlorothiophene-1,1-dioxide was 
prepared by the procedure of Raasch and was stored in the freezer under 
argon .71 All reactions were performed under an argon atmosphere at room 
tem perature unless stated otherw ise. A Therm olyne type 21100 tube 
furnace was used for the pyrolysis reactions. GC m easurem ents were 
perform ed on a H ew lett Packard 5890 GC, NMR were run on either a 
Bruker AC200, AM400, or AMX500, MS were perform ed on a Hewlett 
Packard 5890 series II G C /M S or on a Finnigan MAT TSQ 70 triple 
quadrupole MS, high resolution MS were done by the M idwest Center for 
Mass Spectrometry ,72 and elemental analysis were performed by Oneida 
Research Services, Inc.
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2.6.2 Synthesis of the Diyne, 5,6,ll,12-Tetradehydrodibenzo[a,e]- 
cyclooctene, '2.6'.




The procedure followed was that of Boudjouk, Sooriyakumaran, and 
H an .51 12.00 g (0.4323 mol) of 25 wt.% Li dispersion were weighed into a 
500 mL pressure equalizing dropping  funnel w hich was im m ediately 
attached to the center neck of a 3-neck 2 L round bottom flask. In the other 
necks of this flask were placed a septum  and a stopcock extension attached 
to an argon /vacuum  manifold. A septum  was placed in the top of the 
dropping funnel and a m ercury bubbler was attached. This system was 
flushed with argon for 20 m inutes and then the Li was washed (4 x 250 mL) 
w ith potassium  dried THF collected under argon. This w ashing was 
accom plished by allow ing the TH F/L i m ixture to separate and then 
draining off the THF (bottom layer). In a separate 3-neck 2 L round bottom 
flask were placed 50.00 g (0.1894 mol) of a ,a '-  dibromo-o-xylene. In the first 
neck of this round bottom flask was placed a stopcock extension attached to 
the argon/vacuum  manifold, in the middle neck a septum , and in the third 
neck a reflux condenser with septum. After this set-up containing the a,a'- 
dibromo-o-xylene was vacuum /argon  flushed several times, a m ercury
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bubbler was attached to the reflux condenser and argon was allowed to 
flow for 5 minutes. About 250 mL of potassium  dried THF were added by 
cannula to the a,a'-dibromo-o-xylene and this solution was sonicated until 
com plete dissolution. The m ercury bubbler was rem oved from  the 
dropping funnel containing the washed Li and an argon line was attached 
in its place. W ith argon flowing, the dropping funnel was transferred to the 
center neck of the flask containing the a,oc'-dibromo-o-xylene. The argon 
line was rem oved from the top of the d ropping funnel and ice w ater 
cooling of the reflux condenser was begun. Small am ounts of potassium  
dried THF were added to the dropping funnel in order to w ash small 
portions of the Li into the a ,a 1- dibromo-o-xylene solution. This procedure 
took over 20 minutes for complete addition of the Li. The reaction mixture 
was sonicated for 2 hours and then the excess Li was rem oved from the 
reddish-brow n m ixture by suction filtration. The THF was evaporated 
from the light yellow filtrate by Rotavapor using a warm  water bath as a 
heat source which resulted in a thick caramel colored solid. This solid was 
kep t under h igh  vacuum  over n igh t for fu rther drying. Before 
recrystallization of the product, chromatography was perform ed once with 
DCM and then once w ith EtOH in an attem pt to rem ove a lot of the 
polymer-like impurities. The solid, still dam p w ith THF, was dissolved in 
DCM and was chrom atographed on a 2 x 7 cm column of neutral alumina 
using DCM as the eluent. After the first 100 mL was collected, the column 
clogged. The top layers were removed from the clogged column, mixed 
w ith sand and chrom atographed on a 4 x 5 cm column of neutral alumina. 
The rem ainder of the first column was washed w ith DCM to ensure that no 
product was lost. Seven fractions (125 mL each) from the second column 
were combined after TLC examination. The DCM was evaporated and the
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caramel colored solid was further dried under high vacuum. This material 
was dissolved in hot ethanol and chrom atographed on a 3 x 7.5 cm neutral 
alum ina column using ethanol as the eluent. Fractions were collected in a 
1000 mL recovery flask until no product was observed by TLC. 50 mL of 
distilled water were added to the ethanol fractions to crash out the product. 
Evaporation of solvent and crystallization from ethyl acetate gave a first 
crop of 3.381 g (17.1%) of x-ray quality, w hite, needle-like crystals of
5,6,ll,12-tetrahydrodibenzo-[fl,e]cyclooctene (2 .1 ), m. p. 109.0 - 109.5 °C 
(lit56 m. p. 109 -110 °C); ! h  NMR (CDCI3 ) 5 6.99 and 3.07 ppm  [lit73 ! h  
NMR (2:1 methylene-cfc chloride:propene) 8 6.96 and 3.09 ppm]. The x-ray 
crystal structure, show n as the ORTEP draw ing in F igure 2.9, was 
determ ined for this first crop of crystals of 2.1.52'54 The crystal data and 
collection param eters for com pound 2.1  are given in Table 2 .21 . The 
second crop of crystals collected (2.5889 g) contained both white needles 
and rectangular shaped chunks and gave a broad m. p. A NMR taken 
of this material indicated a large am ount of im purity other than compound 
2.1. Some of the needles were separated from this second crop and were 
i d e n t i f i e d  a s  t h e  t r i m e r ,  5 , 6 , 1 1 , 1 2 , 1 7 , 1 8 -  
hexahydrotribenzo[rt,e,z]cyclododecene (2 .2), m. p. 183 - 185 °C (lit74 m. p. 
189 °C, lit75 m. p. 184.5 °C); 1 h  NMR (CDCI3) 57.45-7.15 and 3.05 ppm  [lit74 
lH  NMR (CDCI3 ) 5 7.40-7.08 and 3.03 ppm]. The third crop of white needle 
shaped crystals (0.7048 g) were found by Ipl NMR to also be the trimer 
(2 .2).
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Table 2.21 Crystal Data and Collection Parameters for 2.1.
formula 












Dc, g /cm ‘3 
crystal size, mm 
radiation- 
(graphite monochromated):
M/ c m ' 1
temp, K
scan type
collection range, 0 
no of unique data 
no. of observed data 















0.32 x 0.38 x 0.43













W ith only m inor m odification, the p rocedure  follow ed in 
brominating the 5,6,1 l,12-tetrahydrodibenzo[rt,e]cyclooctene (2 .1 ) to form 
5,ll-dibromo-5,6,ll,12-tetrahydrodibenzo[rt,c]cyclooctene (2.3) was that of
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Cope and Fenton and of Moore and Mitchell.56'57 0.3826 g (1.837 mmol) of
5,6,ll,12-tetrahydrodibenzo-[a,c]cyclooctene (2.1), 0.6539 g (3.674 mmol) of 
purified NBS, and 5 mL of CCI4 were placed in a 50 mL round bottom flask 
along w ith a stir bar. An ice water cooled reflux condenser with drying 
tube connected was attached to the reaction flask and the reaction mixture 
was started stirring. W hen alm ost completely dissolved, the reaction 
mixture was heated to reflux for one hour. The reaction mixture was cooled 
to room temperature and filtered. The filtrate was placed in a 50 mL round 
bottom flask. The solid rem aining in the Buchner funnel was removed, 
placed in boiling CCI4 , and hot filtered. This filtrate was combined with 
the initial filtrate and solvent was evaporated. 0.5993 g (89.1%) of slightly 
off-white solid 5,ll-dibromo-5,6,ll,12-tetrahydrodibenzo[fl,<?]cyclooctene
(2.3) was obtained and used without further purification, m. p. 178 - 181 °C
(lit57 m. p. 179 -183 °C); *H NMR (CDCI3) 5 7.22-6.95 (m, 8H), 5.42-5.25 (dd, 
2H), 4.40-4.17 (dd, 2H), 3.74-3.57 ppm  (dd, 2H) [lit57 lH  NMR (CDCI3 ) 8 
7.53-7.27 (m, 8H), 5.63 (dd, 2H), 4.55 (dd, 2H), 3.82 ppm  (dd, 2H)].
The procedure followed in preparing dibenzo[«,c]cyclooctene (2.4) 
from 5,ll-dibromo-5,6,ll,12-tetrahydrodibenzo[fl,e]cyclooctene (2.3) was 
that used by Man, Mak and Wong in taking a tribromide compound to an 
acetylene.58 In a glove box with an Ar atmosphere, 1.854 g (16.52 mmol) of 





round bottom flask with a stopcock extension in the first neck, a reflux 
condenser with septum  in the middle neck and a septum  in the remaining 
neck. After this reaction flask was connected to an argon line, a mercury 
bubbler was attached to the septum  in the top of the reflux condenser and 
was flushed w ith argon for 5 minutes. 40 mL of potassium  dried THF 
collected under Ar were added to the potassium  f-butoxide and the 
solution was started stirring. In a 200 mL Schlenk flask, 2.000 g (5.463 
mmol) of 5,ll-dibrom o-5,6,ll,12-tetrahydrodibenzo[«,e]cyclooctene (2.3) 
were placed and then vacuum /argon flushed three times and kept under 
Ar. 60 mL of potassium dried THF were added to the dibromo compound
(2.3). Once dissolved, this solution was added dropwise by argon flushed 
syringe to the reaction flask containing the potassium  f-butoxide. After 
addition was complete, the mixture was allowed to stir for 16 hours at 
which time 6 mL of 2 N HC1 were used in neutralizing the excess 
potassium f-butoxide. This solution was extracted w ith chloroform (3 x 200 
mL), washed with distilled water (3 x 200 mL), and dried over anh. MgSCTp 
The dried organic layer was filtered into a 1000 mL round bottom flask, the 
solvent was evaporated and the resulting solid was left under high vacuum 
for further drying. Crystallization from ethyl acetate was attem pted. 
Recrystallization of the im pure first crop of crystals and finally 
chrom atography on a Florisil colum n using hexanes (eleven 200 mL 
fractions com bined by TLC analysis) gave 0.7718 g (69.2%) of 
dibenzo^cjcyclooctene (2.4). 0.1343 g (12.0%) of dibenzo[fl,c]cyclooctene
(2.4) was obtained from the filtrate of the first crop, m. p. 104.5 - 108 °C 
(lit49 m. p. 105 - 106 °C); *H NMR (CDCI3 ) 8 7.20-6.98 (m) and 6.81-6.70 
ppm (s) [lit49 lH  NMR (CDCI3) 5 7.09 (m, 8H) and 6.75 ppm (s, 4H)].
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2.6.2.2 A ttem pted  V ia R etrosynthetic R oute B T hrough
S ^ ^ M -T e tr a h y d r o d ib e n z o tc /f i^ l^ ld ith ie c in , 2.8.
S
1) 2 " 
,CH2Br H2N C N H 2
95% EtOH, reflux  
—  — -------------------
2) N aO H , reflux
C H 2Br 3) dil. H 2S 0 4 C H 2SH
c h 2s h
2.7
The procedure used to prepare l,2-bis(mercaptomethyl)benzene (2.7) 
was the standard procedure given by Urquhart, Gates, and Connor.60 65.00 
g (0.2462 mol) of a ,a ’-dibromo-o-xylene, 37.48 g (0.4924 mol) of thiourea, 
and 250 mL of 95% ethanol were placed in a 3-neck 1000 mL round bottom 
flask with stir bar. A reflux condenser was attached to the middle neck and 
septa were placed in the other necks. This mixture was started stirring and 
allowed to reflux for one hour until the starting material was absent as seen 
by TLC. 30 g of NaOH in 300 mL of distilled water were added to the light 
yellow solution with a white precipitate. After 10 minutes of refluxing, the 
precipitate had dissolved and the solution turned from yellow to orange. 
After 2 hours of refluxing, the stirring was stopped and the two layered 
mixture, a pink-orange emulsion on top and a orange-brown organic layer 
on bottom, was allowed to cool to room tem perature. The layers were 
separated . The orange-brow n organic layer was d iscarded  after 
examination by NMR showed a large amount of impurities compared to the 
am ount of product. The pink-orange aqueous layer was acidified w ith 
dilute H2SO4 upon which a yellowish-brown organic layer formed on the 
bottom. The ethanol was evaporated from this organic layer and the 
remaining solution was extracted with 75 mL of diethyl ether. The ether 
extract was washed with distilled water (2 x 200 mL) and then dried over
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20 g of anhydrous sodium sulfate. The solvent was removed by Rotavapor 
and the resulting light yellow oil was dried under high vacuum. lH  NMR 
of this oil indicated a small am ount of starting m aterial. Instead of 
purifying by distillation as in the literature procedure, the oil was made 
alkaline again using 30 g of NaOH in 300 mL of distilled water, acidified, 
extracted with ether, and worked up as the ether extract described above. 
Upon standing after high vacuum drying, 26.54 g (63.3%) [lit59 80%] of light 
yellow crystals had formed from the strongly pungent, yellow oil of 1,2- 
bis(mercapto-methyl)benzene (2.7), m. p. 44.5 - 45.5 °C (lit59 m. p. 45 - 46 
°C); *H NMR (CDCI3) 8 7.34-7.17 (m), 3.95-3.81 (d), 1.93-1.79 (t).
C H 2Br , benzene,
EtOH, H20 ,  KOH
The p r o c e d u r e  f o l l o w e d  in  p r e p a r i n g  5 ,7 ,12 ,14- 
tetrahydrodibenzo[c,/7][l,6]dithiecin ( 2 .8 )  was that given by Au, Mak and 
Chan59 w ith only a few modifications. 2.64 g (10.0 mmol) of a,a'-dibrom o- 
o-xylene and 1.70 g (9.98 mmol) of l,2-bis(mercaptomethyl)benzene (2 .7 )  
were dissolved in 60 mL of benzene and transferred into a 125 mL pressure 
equalizing addition funnel attached to the middle neck of a 3-neck 250 mL 
round bottom flask containing a stir bar. 40 mL of ethanol plus a KOH 
solution prepared by dissolving 1.2 g of KOH in 40 mL of a 60% v /v  
ethanol-distilled water solution were added to the 250 mL flask and an ice 
water cooled reflux condenser with drying tube connected was attached in 
the first neck and a septum was placed in the last neck. The KOH solution
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was started  stirring and the d ib rom ide/d ith io l solution was added 
dropw ise at room  tem perature over a period of an hour. A white 
precipitate formed during the addition of this solution. This procedure 
differs from the literature procedure in which the dibromide was dissolved 
in benzene and the dithiol in the KOH solution and these separate solutions 
were added simultaneously over a one hour period to a benzene/ethanol 
solution. The reaction mixture was allowed to stir overnight. Solvent was 
rem oved and the product was extracted from the white residue using 
boiling DCM (4 x 20 mL). The combined DCM extracts were washed with 
5% w /v  NaHC0 3 -distilled water (2 x 30 mL), washed with distilled water 
(2 x 30 mL) and dried over anh. MgSCTp Evaporation of solvent gave 0.54 g 
(19.9%) [lit59 75%] of off-white solid, 5,7,12,14-tetrahydrodibenzo[c,/z][l,6]- 
dithiecin (2.8); NMR (CDCI3) 8 7.73-7.05 (m) and 3.54-3.33 ppm  (s) [lit59 
iH  NMR (CDCI3 ) 5 7.80-7.25 (m) and 3.45 (s)]. U pon attem pted 
recrystallization in benzene, the crude material of compound 2.8 went from 
an off-white colored solid to black needles. The NMR of these black 
needles m atched that of the crude m aterial; how ever, in subsequent 
synthesis the product was recrystallized under Ar and stored under Ar and 
in the dark in which case it was a gray powder. In the literature, nothing 
was mentioned about compound 2.8 being unstable in air.
The procedure used to prepare 5,7,12,14-tetrahydrodibenzo[c,/z][l,6j- 




using MCPBA.61 In the glove box under an atmosphere of Ar, 1.00 g (3.67 
mmol) of 5,7,12,14-tetrahydrodibenzo[c,/j][l,6]dithiecin (2.8) was placed in a 
3-neck 100 m l  round bottom flask w ith a stir bar. In the first neck of this 
flask was attached a stopcock extension, in the m iddle a 10 mL pressure 
equalizing addition funnel with septum in the top, and in the third neck a 
reflux condenser with septum in the top. Also in the glove box, 0.76 g (4.40 
mmol) of purified MCPBA was placed in a 50 mL Schlenk flask. These 
flasks were removed from the glove box and attached to Ar manifold. A 
m ercury bubbler was attached to the septum  in the top of the reflux 
condenser and was flushed with Ar for 5 minutes. 30 mL of CaH2 dried 
DCM collected under Ar was added to the dithiecin 2.8 through the 
dropping funnel. The MCPBA was dissolved in about 10 mL of the dry 
DCM and then cannulated into the reaction flask dropw ise through the 
reflux condenser (the dropping funnel had a small leak which was noticed 
when adding the DCM earlier). When the MCPBA solution was added to 
the slightly gray colored dithiecin, the reaction mixture became thick milky 
white in appearance. The reaction temperature was kept at or just below 25 
°C with the aid of an ice bath. After MCPBA addition was complete, the 
reaction mixture was allowed to stir at room temperature for one hour. 100 
mL of 10% Na2SC>3 was added and then 5% NaHCC>3 solution was added 
until the reaction mixture was pH  7. The milky white organic layer was 
washed with distilled water (2 x 50 mL) and then with sat. NaCl solution (2 
x 50 mL). Evaporation of solvent gave 1.4211 g of a very insoluble white 
solid, 5,7,12,14-tetrahydrodibenzo[c,/;][l,6]bissulfone (2.9), which was more 
than the theoretical yield of 1.23 g. This material had not melted by 300 °C 
(lit62 m.p. above 320 °C); attem pted solid probe MS but no success; 
NMR (CDCI3 ) 8 7.70-7.35 and 3.88-3.70ppm (just above noise); solid state
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NMR 129.4, 48.0 and 44.1 ppm  [no literature NMR or l ^ c  NMR 
could be found]. The possible explanation for the different values of the 
methylene carbons found in the solid state NMR spectrum  could be 
due to the location of these carbons in relation to the sulfur atom which has 
pseudo-tetrahedral geometry and the hinderence of rotation by the ring. 
The only reference found for bissulfone 2.9 was the 1903 paper of 
A utenrieth and Briining in which they stated that this com pound was 
invaribly solvent insoluble w ith only a small am ount dissolving in near 
boiling abs. EtOH .62 A ttem pted crystallization from boiling abs. EtOH 
proved fruitless. The bissulfone 2.9 exhibited the most solubility in o- 
dichlorobenzene out of the wide range of solvents tested including 
chloroform, benzene, and DMSO.
o-dichlorobenzene, 
A = 1 3 0 °C
Br Br
2.9 2.10
In the first attempt at bromination, 0.5000 g (1.486 mmol) of 5,7,12,14- 
tetrahydrodibenzo[c,/;][l,6]bissulfone (2.9) was placed in a 3-neck 250 mL 
round bottom flask with a stir bar. In the first neck was placed a reflux 
condenser connected to a Br2 trap containing dil. NaOH solution, in the 
middle neck a 25 mL pressure equalizing addition funnel and in the third 
neck a ground glass stopper. 60 mL of o-dichlorobenzene were added to 
the b issulfone w hich was s tarted  s tirring  and then 8 mL of o- 
dichlorobenzene were combined in the dropping funnel w ith 0.15 mL of 
Br2 and the funnel was stoppered w ith a ground glass stopper. The
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bissulfone/o-dichlorobenzene mixture was heated to 130 °C and addition of 
the Br2 solution was begun. With the first few additions, the Br2 solution 
was decolorized; however, as more Br2 solution was added the reaction 
mixture turned from dark orange to brownish green and finally to dark 
green. Heating of the reaction mixture was continued for about 60 hours 
after which the reaction mixture was allowed to cool and then solvent was 
evaporated. 0.3849 g of black solid was obtained. This material dissolved 
in CDCI3 however NMR showed no peaks for starting m aterial or 
product. This material was discarded.
K+ "O-tBu, Br Br
Br Br
2.9 2.10
In the second attem pt at bromination, 0.5000 g (1.486 mmol) of 
5,7,12,14-tetrahydrodibenzo[c,/!][l,6]-bissulfone (2.9) was placed in a 3-neck 
250 mL round bottom flask with a stir bar. In the first neck was placed a 
stopcock extension and in the middle neck a reflux condenser w ith a 
septum  in the top. This set-up was transferred into a glove box under an Ar 
atmosphere and 1.000 g (8.911 mmol) of potassium 1-butoxide was added 
and a septum was placed in the third neck of the flask. The set-up was 
removed from the glove box and connected to the argon manifold. A 
mercury bubbler was flushed with Ar for 5 minutes after being attached to 
the top of the water cooled reflux condenser. 50 mL of potassium  dried 
THF collected under Ar was added to the reaction flask by Ar flushed 
syringe. Once the potassium f-butoxide appeared to be dissolved, 0.54 mL
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(4.5 mmol) of 1,2-dibromotetrafluoroethane was added by Ar flushed 
syringe. After stirring at room tem perature for 20 hours, the reaction 
m ixture appeared  as it d id  in itially  after add ition  of the 1,2- 
dibrom otetrafluoroethane which was a reddish-brow n solution w ith 
undissolved solid. 0.70 g (6.24 mmol) of additional potassium f-butoxide 
dissolved in dry THF was added. No product or starting material could be 
seen in the NMR spectrum of a sample prepared by evaporating a few 
milliliters of the reaction mixture and dissolving the residue in CDCI3 . The 
reaction mixture was then refluxed for 2 hours and 30 minutes. No change 
was seen in the NMR spectrum, thus the heat was removed and the 
reaction m ixture was allowed to cool. A 1 mL sample of the reaction 
m ixture was removed, neutralized w ith 2 N HC1, and extracted w ith 
chloroform. The chloroform layer was washed with distilled water and 
dried over anh. MgS0 4 . The solvent was evaporated and a NMR sample 
was prepared of the reddish-brown solid residue. NMR (CDCI3) 8 7.80- 
7.40 (m) and 4.30-4.15 ppm  (d). The aromatic protons occur at expected 
values for the product; however, the protons on carbons 5, 7, 12, and 14 
were expected to have values closer to 5 ppm  and were expected to appear 
as a singlet and not a doublet. The entire reaction mixture was worked up 
as the 1 mL sample was above for the NMR sample. The THF layer was 
retained and was evaporated as was the chloroform. 0.14 g of reddish- 
brow n solid was collected from the chloroform extract and 0.22 g of 
reddish-brown solid was obtained from the THF layer. NMR samples of 
these reddish-brow n solids were prepared in CDCI3 and ran. No peaks 
were seen in the chloroform extract as were seen in the previously 
mentioned ^H NMR taken of the 1 mL sample of the reaction mixture and
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no peaks were seen in the THF extract either. No more attempts were made 
at preparing compound 2 .10.
An attem pt was m ade at pyrolyzing bissulfone 2.9 to form 2.1. 
0.1000 g (0.297 mmol) of 5,7,12,14-tetrahydrodibenzo[c,/7][l,6]bissulfone 
(2.9) was placed in a 10 mL pressure equalizing addition funnel and a 
septum  was wired on the top. This funnel was attached to a vacuum 
distillation adaptor which had a septum wired on the vacuum outlet. This 
vacuum distillation adaptor was connected to a quartz tube that was placed 
inside of a pyrolysis furnace. The exit end of the quartz tube was connected 
to another vacuum distillation adaptor to which a 100 mL round bottom 
flask was attached. The vacuum outlet was connected to a trap connected 
to a vacuum  pum p. The furnace was set at 500 °C and was allowed to 
equilibrate. After the set-up was under vacuum  for an hour, 15 mL of 
benzene were added dropwise to the dropping funnel with the stopcock 
valve open to slowly flush the bissulfone into the furnace. A yellow 
solution was collected in the 100 mL round bottom flask. A GC trace ran of 
this solution show ed no peak for the desired  p roduct, 5,6,11,12- 
tetrahydrodibenzo[fl,c]cyclooctene (2.1). Solvent was evaporated. The 
NMR ran in CDCI3 had numerous peaks between 2 and 5 ppm; however, it 
did not clearly show that the desired product was formed. Pursuit of 
dibenzo[a,c]cyclooctene (2.4) through the route of the bissulfone 2.9 was 
abandoned.
A = 500 °C, benzene
c h 2 c h 2
2.9 2.1
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2.6.2.3 Via Retrosynthetic Route C Through a Wittig Reaction.
o-Xylenebis(triphenylphosphonium bromide) (2.11) was prepared by 
the procedure described by Griffin, M artin and Douglas.64 13.20 g (0.05 
mol) of a,a'-dibromo-o~xylene and 28.85 g (0.11 mol) of triphenylphosphine 
were placed in a 500 mL round bottom flask with a stir bar. 100 mL of anh. 
DMF were added and an ice water cooled reflux condenser was attached. 
Once the solids had dissolved with stirring, the light yellow solution was 
heated to reflux producing a white solid mass within 10 minutes. 50 mL of 
additional anh. DMF were added to break up the solid mass. This mixture 
was refluxed for 3 hours and then cooled to room temperature. The white 
solid was filtered and washed with DMF and then diethyl ether. After air- 
drying for one hour, the solid was placed under high vacuum until dry. 
32.349 g (82.0 %) [lit64 89.4 %] of o -x y len eb is(trip h en y lp h o sp h o n iu m  




o -phthalaldehyde  
DMF
2.11 2.4 2.12
The procedure used in preparing dibenzo[«,c]cyclooctene (2.4) by the 
Wittig reaction was that of Griffin and Peters.63 18.10 g (23.0 mmol) of
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o-xylenebis(triphenylphosphonium bromide) (2.11) and 3.00 g (22.4 mmol) 
of o-phthalaldehyde were placed in a 3-neck 1000 mL round bottom flask 
w ith a stir bar. In the first neck was connected a stopcock extension 
attached to the vacuum /argon manifold, in the middle neck an ice water 
cooled reflux condenser w ith a septum in the top and in the third neck a 
septum. This set-up was vacuum /argon  flushed three times and then a 
m ercury bubbler was attached to the top of the reflux condenser and 
flushed with Ar for 5 minutes. 400 mL of anh. DMF were added by Ar 
flushed syringe producing a milky light yellow solution. The solution was 
heated to 90 °C and ~ 100 mL of 0.059 moles of lithium ethoxide in abs. 
EtOH were added over a period of 5 hours to the vigorously stirred 
solution. The solution turned from light yellow to red-orange and back to 
light yellow staying dark orange in color only after four and a half hours. 
After all the basic solution was added, the heat was turned off and the dark 
red solution was stirred while cooling to room tem perature. 500 mL of 
distilled water were added to the cooled mixture which turned light milky 
yellow in color with chunks of orange-brown precipitate. The precipitate 
was extracted into diethyl ether (2 x 875 mL) and the combined ether 
extracts were washed with distilled water (2 x 500 mL). The ether layer was 
dried  over anh. MgSC>4 and the solvent was evaporated yielding a 
yellow ish-brow n oil (lit63 reported a dark brow n oil). To remove the 
product from the triphenylphosphine oxide, the oil was extracted with 1 L 
of boiling hexane and the hexane extract was evaporated giving a yellow 
solid (lit63 reported a red oil). GC/M S indicated that the product was 
formed but was heavily contam inated with many im purities including 
some triphenylphosphine oxide which was not removed during the hexane 
extraction. The yellow solid was chromatographed on a 2 x 24 cm Florisil
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column using hexanes (1100 mL) and the fractions were examined by TLC. 
Fractions 2-5 (100 mL each) contained product and a small am ount of 
impurity and fractions 6-11 (100 mL each) had product and a larger amount 
of impurity. These fractions were chromatographed again using petroleum 
ether (b. p. 30 - 75 °C) and the fractions containing product only, as 
determ ined by TLC, were combined. Solvent was evaporated to give only 
0.132 g (3%) [lit63 18%] of dibenzo[fl,c]cyclooctene (2.4). An explanation of 
this low yield was later found in a paper by Man, Mak, and Wong in the 
results of a Wittig reaction carried out with similar com pounds .58 A 2.4% 
yield of the W ittig p roduct was reported  and an 18% yield of an 
e th e r/ alkene byproduct was reported which could be converted into the 
Wittig product in a 42% yield by using LDA. The possible byproduct 
formed would be com pound 2 .12, shown above, although no attem pt was 
made to identify the byproducts.
2.6.2.4 Via Retrosynthetic Route D Through the Photochemical 
Rearrangem ent of D ibenzobarrelene, 2.13.




The procedure of Rabideau was used in preparing dibenzobarrelene 
(2.13).50 136.00 g (0.992 mol) of anthranilic acid was placed in a 4 L beaker 
w ith a large stir bar and dissolved in 1500 mL of abs. EtOH. 100 mL of 
conc. HC1 were slowly added while the solution stirred and then the
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solution was cooled to 10 °C in an ice bath. 250 mL of isoamyl nitrite were 
added and the solution changed from yellow-orange in color to cherry red 
in color. After stirring for 30 minutes, 1.2 L of anh. diethyl ether were 
added  to the solution and a yellow precipitate formed. The yellow 
precipitate (benzenediazonium-2-carboxylate hydrochloride) was quickly 
collected in a Buchner funnel by gravity filtration and was washed with 
anh. diethyl ether not allow ing the precipitate to become dry. This 
precipitate was quickly transferred into an earlier prepared 3-neck 5 L 
round  bottom  flask which contained 450 g (3.51 mol) of naphthalene 
dissolved in 2.5 L of 1,2-dichloroethane. An ice w ater cooled reflux 
condenser w ith septum  w ired on top was placed in the first neck, an 
overhead stirrer was attached in the middle neck and a septum was placed 
in the third neck. The yellow-orange solution with yellow precipitate was 
started stirring and 125 mL of propylene oxide were added. The solution 
was heated to reflux slowly. During this time the reaction mixture evolved 
gas and became dark brow n in color. After 5 hours of refluxing, the 
reaction mixture had become a dark clear brown solution and gas evolution 
had ceased. The solution was allowed to cool to room tem perature. 
Solvent was evaporated until about 900 mL of dark brow n solution 
remained. This solution was washed with 0.1 M NaOH (3 x 250 mL) which 
resulted in a caramel colored solution that was transferred into a 3-neck 3 L 
round  bottom  flask. The excess napthalene was rem oved by steam 
distillation using the following set-up. Septa w ith 15 inch glass tubing 
inserted through them were placed in the first and third necks and a 
distillation head connected to an ice water cooled condenser was connected 
to the m iddle neck. Three 3 L round bottom flask were used as receiving 
flask. Steam was generated from 3 L of distilled water in a one-neck 5 L
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round bottom flask that had attached to it an adaptor w ith two outlet tubes. 
Tygon tubing was connected to the two outlet tubes. One line of tubing 
was connected to one of the 15 inch pieces of glass tubing that was placed 
below the level of the caramel colored solution in the 3-neck 3 L flask. The 
other line of tubing was connected via a trap to the other piece of glass 
tubing which was positioned just above the level of the caramel colored 
solution. The steam generator, the steam lines and the distillation flask and 
head were w rapped in glass wool and then w ith alum inum  foil. Once 
steam generation began, heating of the reaction mixture was started. Steam 
distillation of the naphthalene took about five hours for completion. The 
product was removed from the dark brown tarry residue that remained by 
distillation with ethylene glycol. Water was poured off the dark brow n 
tarry  residue, 1.5 L of ethylene glycol were added, and potassium  
hydroxide pellets were added to make the m ixture just alkaline. The 
m ixture was distilled using an air cooled condenser. The ethylene 
glycol/dibenzobarrelene azeotrope was collected from 185 - 220 °C. The 
distillation was judged complete when no precipitate form ed w ith the 
addition of a small am ount of distillate to water. 800 mL of distilled water 
were added to the distillate resulting in the formation of a milky solution. 
After standing a few hours, a crystalline like precipitate formed and was 
collected by filtration and washed with distilled water. Recrystallization of 
this a ir-d ried  p rec ip ita te  gave 26.193 g (12.9%) [lit50 20%] of 
dibenzobarrelene (2.13), m. p. 119.5 - 121 °C (lit50 m. p. 115 - 117 °C); lH  
NMR (CDCI3) 6 7.10-6.88 (m) and 5.25-5.07 ppm (m) [lit50 ! h  NMR (CCI4 ) 5 
7.80 (m) and 5.01 (m)].
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D i b e n z o  [« , c ] cy c l oo c t en e  (2.4)  w as p re p a re d  by the 
photoisom erization of dibenzobarrelene (2.13) using the procedure of 
Rabideau ,  H am ilto n , an d  F ried m an .65 16.00 g (78.3 mmol) of 
dibenzobarrelene were placed in a 4 L quartz tube with a stir bar. The 
quartz tube was placed on top of a cork ring on top of a magnetic stirrer in 
a Rayonet Photochemical Reactor (2537 A lamps). Two Claisen tubes were 
connected in sequence to the top of the quartz tube creating three necks. A 
septum was placed in the middle neck and in one of the other necks of the 
Claisen tubes, a 1000 mL pressure equalizing addition funnel was attached 
on top of which was connected a straight vacuum adapter with septum. 
This set-up was connected via a needle through the septum in the vacuum 
adapter to the vacuum /argon  manifold. In the remaining neck, an ice 
water cooled reflux condenser with septum was attached. This set-up was 
vacuum /argon  flushed three times and then left under Ar. A mercury 
bubbler was attached to the reflux condenser and was flushed with Ar for 5 
minutes. 4 L of potassium dried THF collected under Ar were cannulated 
into the dropping funnel and added to the 4 L quartz tube a liter at a time. 
The m ixture was started  stirring. Once the dibenzobarrelene had 
dissolved, the set-up was covered tightly with aluminum foil to stop UV 
light leaks and the UV lamps were turned on. The reaction was stopped 
after about a week when the ratio of product to reactant was about 9 to 1 as 
determ ined by GC analysis. In the case of this reaction, the ratio of
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dibenzo[a,c]cyclooctene (2.4) to dibenzobarrelene (2.13) was 8.5 to 1. The 
THF was evaporated and the dibenzo[fl,e]cyclooctene (2.4) was extracted 
from the insoluble material in the residue using boiling petroleum  ether. 
Crystallization in petroleum  ether gave 12.74 g (79.6%) [lit65 75%] of large 
rhom bohedral shaped clear, colorless crystals of dibenzo[fl,e]cyclooctene
(2.4), lH  NMR (CDCI3 ) 5 7.22-6.98 (m) and 6.82-6.70 ppm  (s) [lit49 *H NMR 




light from  
flood lam ps
Modifications were made to the procedure of Wong and Sondheimer 
in preparing 5,6,11,12-tetrabromo-5,6,11,12-tetrahydrodibenzo[fl,e]cyclo- 
octene (2.5) from dibenzo[a,<?]cyclooctene (2.4).49 1.00 1 6 g (4.9 mmol) of 
dibenzo[fl,e]cyclooctene (2.4) were placed in a 3-neck 100 mL round bottom 
flask with a stir bar. 10 mL of CCI4 were added. A ground glass stopper 
was placed in the first neck, a 25 mL pressure equalizing addition funnel 
with ground glass stopper was placed in the middle neck and an ice water 
cooled reflux condenser attached to a bromine trap was placed in the third 
neck. The bromine vapor trap consisted of a recrystallization dish half­
filled with 10 % NaOH in which a funnel was inverted. The funnel was 
attached by Tygon tubing to a glass adaptor in the top of the reflux 
condenser. 10 mL of CCI4 and 0.50 mL (9.7 mmol) of bromine were added 
to the addition funnel. The Br2 /CC l4 solution was added dropwise to the 
dibenzo[a,c]cyclooctene solution. The solution became dark red-orange in
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color. After all the Br2 /C C l4 solution was added, two flood lam ps 
positioned on the sides of the reaction flask were turned on and aluminum 
foil was placed over this set-up. The heat generated by the flood lamps 
heated the reaction to reflux. This was unlike the procedure of Wong and 
Sondheimer w here m edium  pressure UV lamps were used as the light 
source and the reaction mixture was heated to 75 °C by a heat source. In 
optimizing this reaction, the maximum amount of product formed as found 
by GC analysis was about 75% which took approx. 3 hours of reaction time. 
For this specific reaction, a 75.7% yield of product was found by GC after a 
reaction time of 3 hours. The flood lamps were turned off at this time and 
the reaction m ixture was allow ed to cool to room  tem perature. The 
reaction mixture was extracted w ith 20% NaHSC>3 (2 x 50 mL) to destroy 
any excess bromine and the organic layer was washed with water (2 x 50 
mL). After drying over anh. MgSC>4 , evaporation of solvent gave 2.104 g 
(82.8%) of crude red-brown solid. Crystallization from cyclohexane gave 
1.8513 g (72.9%) [lit49 62% of colorless crystals] of light brow n, shiny 
crystals of 5,6,ll,12-tetrabromo-5,6,ll,12-tetrahydrodibenzo[fl,e]cyclooctene
(2.5), m. p. 185 - 192 °C (lit49 m. p. 191 - 193 °C); *H NMR (CDCI3 ) 5 7.83- 
6.70 (m), 6.40-6.16 (d) and 5.37-5.20 ppm  (d) [lit49 lH  NMR (CDCI3 ) 5 7.80- 
6.62 (m), 6.29 and 5.28 ppm]. The x-ray crystal structure ,52'54 shown in 
Figure 2.13, was solved for 5 ,6 ,ll,12-tetrabrom o-5,6 ,ll,12-tetrahydro- 
dibenzo[fl,c]cyclooctene (2.5) from pale yellow crystals prepared by the 
procedure of Wong and Sondheim er and repeatedly recrystallized in 
cyclohexane. The crystal data and collection parameters for compound 2.5 
are given in Table 2.22.
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Table 2.22 Crystal Data and Collection Parameters for 2.5.
formula Ci6Hi2Br4
Mr, g m o l'l 523.9
crystal system monoclinic
space group P 2 i/n
a, A 8.6917 (7)
b, A 15.135 (2)




v, A3 1660.0 (7)
z 4
DC/ g /cm "3 2.096
crystal size, mm 0.30 x 0.43 x 0.55
radiation-
(graphite monochromated): CuKa (k = 1.54184 A)
|i, cm 'l 119
temp, K 294
scan type co-20
collection range, ° 20 = 2-75
no of unique data 3271
no. of observed data 3137
no. of variables 182
R 0.058
Rw 0.083
goodness of fit 5.104
2.5
K O -tB u, TH F  
 >■
2.6
M odifications were also m ade to the procedure of W ong and 
S o n d h e im e r  in  im p ro v in g  th e  y ie ld  o f th e  d iy n e ,
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5,6,ll,12-tetradehydrodibenzo[fl,e]cyclooctene (2 .6 ) from  5,6,11,12- 
tetrabromo-5,6,ll,12-tetrahydrodibenzo[a,e]cyclooctene (2.5).4 9 The 
procedure of Wong and Sondheimer was followed exactly for a number of 
experiments. In one such experiment, 0.9576 g (1.828 mmol) of 5,6,11,12- 
tetrabromo-5,6,ll,12-tetrahydrodibenzo[fl,e]cyclooctene were placed in a 50 
mL Schlenk flask, vacuum /argon flushed three times, left under argon and 
then dissolved in 14 mL of potassium  dried THF added by argon flushed 
syringe. 1.874 g (16.7 mmol) of potassium  f-butoxide were added in an 
argon filled glove box to a 3-neck 250 mL round bottom flask with stir bar. 
In the first neck of this reaction flask was connected a stopcock extension, in 
the middle neck a reflux condenser with septum  in the top and in the third 
neck a septum. The reaction flask was connected to the argon manifold in 
the hood and ice water was pum ped through the reflux condenser. A 
mercury bubbler was attached to the septum  in the reflux condenser and 
was flushed with argon for 5 minutes. 94 mL of potassium dried THF were 
added by argon flushed syringe and the solution was started stirring. After 
the tetrabrom o com pound and the potassium  f-butoxide were dissolved, 
the reaction flask was w rapped in alum inum  foil and the tetrabrom o 
solution was cannulated dropw ise into the potassium  t-butoxide. After 
addition of the tetrabromo solution was complete, the reaction mixture was 
allowed to stir for 10 m inutes and was then neutralized using 2 N HC1. 
W ith all glassw are w rapped  in alum inum  foil and exposure to air 
m inim ized, the product was extracted w ith ether (3 x 100 mL) and the 
organic layer was washed with distilled w ater (2 x 50 mL) and dried over 
anh. MgSCTj. After solvent evaporation, the crude p roduct was 
chromatographed on a neutral alumina column using hexane as the eluent. 
Decomposition of the yellow band of product to a dark brown band could
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be seen on the chrom atography column before all of the product was 
removed as determ ined by TLC. Wong and Sondheimer stated that the 
diyne (2.6) began decomposing only after several days of exposure to light 
and air at room tem perature. Solvent removal resulted in a brow n solid 
(lit49 pale yellow plates). After high vacuum drying for about 3 hours, 
0.284 g (77.6%) [lit49 70%] of 5,6,11,12-tetradehydrodibenzo[rt,e]cyclooctene
(2.6) were obtained, m. p. 93.5-95 °C [lit49 m. p. 110 °C (d)]; NMR 
(CDCI3 ) 6 7.00-6.68 (m) ppm  [lit49 ! h  NMR (CDCI3) 8 7.24-6.36 (AA'BB1) 
ppm]. The modification m ade to improve this procedure was elimination 
of the chrom atography step in which decomposition of the product was 
noted. The crude diyne was used in Diels-Alder reactions after solvent 
evaporation of the organic layer resulting from neutralization and ether 
extraction of the reaction mixture.
2.6.3 Synthesis of Dibenzo[a,e]tricyclo[9.3.0.04,8]tetradeca- 
l(ll),4(8),5,12-tetraene, '2.17'.





2(13),5(10),7,15-tetraene (2.15) was prepared by Diels-Alder reaction of the
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d ien e , 1 ,3 -cy c lo p en tad ien e , w ith  fresh ly  p re p a re d  5,6,11,12- 
tetradehydrodibenzo-[fl,e]cyclooctene (2=6). 5.00 g (9.54 mmol) of 5,6,11,12- 
tetrabromo-5,6,ll,12-tetrahydrodibenzo[fl,e]cyclooctene (2.5) and  9.80 g 
(87.3 mmol) of potassium  f-butoxide were used in the preparation of
5,6,ll,12-tetradehydrodibenzo-[fl,e]cyclooctene (2.6) by the m odified  
procedure of Wong and Sondheimer49 described in the previous paragraph. 
Because of the larger scale, the reaction mixture was allowed to stir for an 
hour and a half at room tem perature before neutralization w ith 2 N HC1 
and then extraction with ether (2 x 200 mL). The ether layer was washed 
w ith distilled water (2 x 150 mL), dried over anh. MgSC>4, and filtered into a 
500 mL Schlenk flask. Solvent removal and further drying for about three 
and a half hours under high vacuum resulted in a brown colored solid with 
a lH  NMR identical to that found for previously prepared  5,6,11,12- 
tetradehydrodibenzo[a,c]cyclooctene (2.6). To the Schlenk flask containing 
diyne (2 .6), a stir bar was added and an ice water cooled reflux condenser 
w ith septum in the top was connected. A mercury bubbler was attached to 
the septum  in the reflux condenser and was flushed w ith argon for 5 
minutes. Freshly cracked 1,3-cyclopentadiene was collected at -78 °C and a 
crystal of 2,6-di-ferf-butyl-4-methylphenol (BHT) was added to inhibit 
radical side reactions during the Diels-Alder reaction. About 30 mL of this 
cyclopentadiene were added to the diyne by cannulation. The resulting red 
colored so lu tion  was allow ed to stir for about 48 hours. The 
dicyclopentadiene formed from the excess cyclopentadiene was removed 
on the Rotavapor using high vacuum and a hot water bath which resulted 
in the form ation of 3.72 g of dark red solid weighing more than the 
theoretical yield of 3.17 g. It was found that the more soluble anti isomer 
which is about 20 % of the product was lost when the crude product (2.15)
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was w ashed w ith cold hexanes to remove the im purities due to using 
excess cyclopentadiene not removed under high vacuum. The total amount 
of anti and syn isomers of compound (2.15) determined from a GC trace of 
the dark red solid dissolved in benzene was 65%. This results in 2.42 g of 
compound (2.15) which is a 76% yield calculated from the num ber of moles 
of tetrabrom o com pound (2.15) used in preparing diyne (2.6). Analysis 
w ere perform ed on the less soluble syn isom er of dibenzo[fl,e]- 
pentacyclo[12.2.1.l6/9.o2/13_o5,10]octadeca-2(13)/5(10)/7,15-tetraene (2.15), 
m. p. >345 °C ; 400 MHz ! h  NMR (CDCI3) 8 7.14-7.09 (dd, 4 H), 7.09-7.06 (t, 
4 H), 6.92-6.87 (dd, 4 IT), 3.65-3.56 (t, 4 H), 2.48-2.39 (dt, 2 H), 2.15-2.07 (dt, 2 
H) ppm ; 400 MHz NMR (CDCI3 ) [determ ined by 2D iH -l^C  
correlation (HETCOR)] 8 141.9, 126.6, 124.8, 70.5, and 58.7 ppm  and 
[determined by heteronuclear multiple quantum  coherence (HMQC)67 ran 
in the inverse mode] 8 137.6 and 151.1 ppm; MS measured M+ 332.1559.




 1 ■ 1 -
2.16
Dibenzo[rt,e]pentacyclQ[12.2.1.l6,9.o2,13_o5,10]oct;ac}eca- 
2(13),5(10),7,15-tetraene (2.15) was hydrogenated to give dibenzo[«,e]- 
pentacyclo[12.2.1.l6,9_o2,13.o5,10]oct;ac}eca-2(13),5(10)-diene (2.16). 0.3912 g
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(1.18 mmol) of dibenzo[fl,t’]pentacyclo[12 .2 .1 .16/9 .02 ,13o5,10]OC|-acieca_ 
2(13),5(10),7,15-tetraene (2.15) was placed in a 500 mL Parr bottle along with 
150 mL of xylenes in which compound (2.15) was found to be most soluble. 
All of the pink-orange solid did not dissolve giving an opaque mixture of 
the same color. Three spatulas (each a little more than the size of a match 
head) of 5% P d /C  were added resulting in a black opaque mixture. The 
Parr bottle was attached to a Parr hydrogenator, purged w ith H 2 three 
times, and hydrogenated for 24 hours at 40 psi of H2 w ith shaking at room 
temperature. In the hood, celite was added to the hydrogenated mixture to 
disperse the excess H 2 - A celite cake was prepared with benzene and the 
hydrogenated mixture was filtered. Starting material was absent in a GC 
trace taken of this so lution; thus, hydrogenation  was com plete. 
Evaporation of solvent and crystallization from benzene gave 0.3136 g 
(79%) of one isomer of dibenzo[/7,c]pentacyclo[12.2.1.l6/9.o2,13 q 5 ,10]_ 
octadeca-2(13),5(10)-diene, 2.16, m. p. 287-288.5 °C; 400 MHz lH  NMR 
(C6 D5N O 2 ) 5 7.30-7.05 (br s, 8 H), 2.93-2.88 (br s, 4 H), 2.03-1.95 (m, 4 H), 
1.94-1.88 (m, 2 H), 1.74-1.66 (m, 4 H), 1.29-1.25 (m, 2 H) ppm; 400 MHz 13C 
NMR (C6D5NO2) 5 145.8, 139.8, 127.2, 127.0, 52.5, 49.7, 28.4 ppm; 400 MHz 
13c NMR (CDCI3 ) [determined by 2D lH -1 3 c  correlation (HETCOR)] 8
127.2, 127.0, 52.5, 49.7, and 28.4 ppm  and [determined by heteronuclear 
multiple quantum  coherence (HMQC)67 ran in the inverse mode] 8 145.8 
and 139.8 ppm; MS m easured M+ 336.1871. Anal. Calcd. for C26H 24 : C, 
92.81; H, 7.19. Found: C, 92.85; H, 7.27. The x-ray crystal structure, shown 
in Figures 2.21 and 2.22, identified these crystals as the syn isomer.52"54 The 
crystal data and collection param eters for com pound 2.16 are given in 
Table 2.23.
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Table 2.23 Crystal Data and Collection Parameters for 2.16.
formula C26H24
Mr, g mol*1 336.5
crystal system triclinic
space group PI
a, A 9.8238 (4)
b, A 9.8271 (4)
c, A 10.4096(4)
a ,° 63.705 (4)
P/° 78.293 (4)
Y/° 85.884 (4)
v, A 3 882.02 (7)
z 2
DC/ g /c m *3 1.267
crystal size, mm 0.22 x 0.48 x 0.48
radiation-
(graphite monochromated): MoKa(X = 0.710’
fx, cm -1 0.66
temp, K 299
scan type co-20
collection range, ° 20 = 1-30
no of unique data 5124
no. of observed data 3913
no. of variables 332
R 0.044
Rw 0.054
goodness of fit 2.677
2.6.3.3 Retro-Diels-Alder Reaction of '2.16' to Dibenzo[a,e]-
tricydo [9.3.0.0 4/8]tetradeca-l (11),4(8),5,12-tetraene, '2.17'.
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Dibenzo[fl,c]tricyclo[9.3.0.0'M3]tetradeca-l(ll),4(8)/5/12-tetraene (2.17)
was prepared by flash vacuum pyrolysis (FVP) of dibenzo[fl,c]pentacyclo- 
[12.2.1.l6 ,9.o2,13.o5,10]octadeca-2(13),5(10)-diene (2.16). 0.0598 g (0.178 
mmol) of compound 2.16 was dissolved in 10 mL of hot benzene. The 
dissolved material was transferred into a quartz bulb attached at the end of 
a coiled quartz tube using a small amount of hot benzene to wash the 
material through the coils. The benzene was evaporated and the quartz 
tube was placed in the FVP furnace under vacuum for a few hours to 
ensure complete removal of benzene. The vacuum was 0.12 mmHg. The 
FVP furnace was allowed to equilibrate to 700 °C and then the bulb 
containing compound 2.16 was gradually introduced into the furnace 
causing the starting material to sublime. Over half of the starting material 
appeared to decompose probably due to the poor vacuum. The pyrolyzed 
material was removed from the trap by rinsing with hexanes. The resulting 
golden yellow solution was dried immediately over anh. MgS0 4  and was 
filtered into the reaction flask while argon flowed in through a stopcock 
extension. A reflux condenser with mercury bubbler attached was placed 
in the middle neck and a septa was placed in the remaining neck. GC/M S 
of this solution showed complete conversion to compound 2.17. With 
argon still flowing, the reaction mixture was cooled to -78 °C. 2 mL of 1.6 
M n-BuLi were added and the ice bath was removed. After 3 days of 
stirring at room temperature, the dark red solution contained a reddish- 
brown precipitant. The precipitant was washed three times with dry 
hexanes and the washes were removed by cannulation. After drying under 
vacuum, the precipitant was dissolved in THF. An unsuccessful attempt 
was m ade at capping  the lith iated  ligand w ith  pentam ethyl-  
cyclopentadienyl ruthenium using the procedure of Gassman and Winter.76
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2.6.3.4 Attempted Synthesis of '2.17* via the Retro-Diels-Alder 
Reaction of the Diels-Alder diadduct of Dibenzo[a,e]- 
pentacyclo[12.2.1.l6'9.02/13.Q!5'10]octadeca- 
2(13),5(10),7,15-tetraene, 2.15, and Tetrachlorothiophene- 
1,1-dioxide.
Cl'sv ' Svv ^ C l
s V //  ►
Cl ci
tetrach loro th iop h en e-  
1,1 -d io x id e
2.15
C l C l
2.18
F. V. P.  -► Cl
2.17
Another route for preparing dibenzo[fl,e]tricyclo[9.3.0.04/8]tetradeca- 
l(ll),4(8),5,12-tetraene (2.17) was attempted by the retro-Diels-Alder 
reaction of the D iels-A lder diadduct (2.18) synthesized from
dibenzo[a,e]pentacyclo[12.2.1.l6'9 0^43 o5,10]oct;ac2eca-2(13) ,5(10),7,15-
tetraene (2.15) and tetrachlorothiophene-l,l-dioxide as shown above. 
0.0254 g (0.10 mmol) of tetrachlorothiophene-1,1-dioxide and 0.0015 g 
(4.5 mmol) of dibenzo[a,e]pentacyclo[12.2.1.l6/9.o2,13 o5,10]octacieca_ 
2(13),5(10),7/15-tetraene (2.15) were placed in an NMR tube and 1 mL of
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d 6 -benzene was added and the reaction was followed by NMR and 
GC/MS. From these analysis little if any reaction occurred. In the GC/M S 
of this material, no peak was present for the Diels-Alder diadduct 2.18. A 
very small peak was found with the molecular weight of the retro-Diels- 
A lder p ro d u ct (2.17); how ever, no peak w as seen for the 1,2,3,4- 
tetrachlorobenzene byproduct as w ould be expected from the retro-Diels- 
Alder reaction.
2.6.4 Synthesis of Dibenzo[a,e]-6,13-bis(methylethylidene)- 
tricyclo[9.3.0.04/8]tetradeca-l(14),4,7,ll-tetraene, '2.21'.




[12.2 .1.1^/9.02,13.o5,10]octacleca-2(13),5(10),7,15-tetraene (2.19) was 
prepared by Diels-Alder reaction of dimethylfulvene with freshly prepared
5.6.11.12-tetradehydrodibenzo[rt,c]cyclooctene (2 .6). Dimethylfulvene was 
distilled into a flask containing a few crystals of BHT at -78 °C and was 







used to prepare the diyne 5,6,1 l,12-tetradehydro-dibenzo[fl,e]cyclooctene
(2 .6 ) from the procedure previously described in the p reparation  of 
com pound (2.15). 10 mL (83 mmol) of dim ethylfulvene and 10 mL of 
benzene were added to the Schlenk flask containing the freshly prepared 
diyne and a stir bar. An ice water cooled reflux condenser w ith septum  in 
the top was connected, a mercury bubbler was attached and the set-up was 
flushed with argon for 15 minutes and w rapped in alum inum  foil. Stirring 
was begun and the reaction mixture was heated to reflux. After about 60 
hours the reaction was found to be complete by GC/M S which indicated 
that two isomers of the product were present with a large am ount of one 
isomer. 8.6 g of dark red tar containing the two isomers of the product 
were obtained after evaporation under high vacuum to remove most of the 
excess dimethylfulvene. This m aterial was first chrom atographed on a 
silica gel column using hexanes then hexanes/ethyl acetate gradient to 
rem ove the product from the polymeric im purities form ed from the 
dimethylfulvene. The resulting crude product was then chromatographed 
on a fresh silica gel colum n again  w ith hexanes follow ed by a 
hexanes/ethyl acetate gradient. 2.84 g of 83% pure product (by GC) were 
ob tained  w hich resu lts  in  2.36 g (60%) of d ib en zo [a ,c ]-1 7 ,1 8 - 
bis(methylethylidene)pentacydo[12.2.1.l6/9_o2,13_o5,10]octadeca- 
2(13),5(10),7,15-tetraene (2.19). 0.41 g of this 83% pure material (0.34 g pure 
com pound possible) was further purified by chromatographing two more 
times on fresh silica gel columns using only hexanes as the eluent. The 
fractions containing product only (determined by GC) were combined and 
solvent was reduced. 0.0684 g (20% recovery out of 0.34 g possible) of 
yellow, rhombohedral shaped crystals of one isomer of compound 2.19 was 
obtained, m. p. 189-192 °C; 200 MHz iH  NMR (CDCI3 ) 5 7.22-6.91 (m,
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12 H), 4.05-4.01 (dd, 4 H), 1.46-1.40 (s, 12 H) ppm ; 500 MHz NMR 
(CDCI3 ) [determined by 2D !H -13c correlation (HETCOR)] 5 141.7,126.8, 
125.5, 58.1,18.6 ppm  and [determined by HMQC67 ran in the inverse mode] 
5 160.4, 151.0, 137.3 and 96.0 ppm; MS m easured M + 412.2191. The x-ray 
crystal structure, shown in Figures 2.27 and 2.28, identified these crystals as 
the syn isomer of com pound 2.19.52'54 The crystal data and collection 
parameters for compound 2.19 are given in Table 2.24.
Table 2.24 Crystal Data and Collection Parameters for 2.19.
formula C32H28
Mr, g m o H 412.6
crystal system triclinic
space group PI
a, A 9.4498 (4)
b, A 9.7068 (5)
c, A 12.6781 (6)
a , 0 94.038 (4)
P,° 94.324 (4)
r 100.285 (4)
V , A3 1136.8 (3)
z 2
Dc, g /c m -3 1.204
crystal size, mm 0.27 x 0.30 x 0.40
radiation-




collection range, 0 20 = 1-30
no of unique data 6628
no. of observed data 4027
no. of variables 402
R 0.047
Rw 0.051
goodness of fit 2.097
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2.6.4.2 Hydrogenation of '2.19' to Dibenzo[a,e]-17,18-
bis(methylethylidene)pentacyclo[12.2.1.l6/9,o2,13,05,10].
octadeca-2(13),5(10)-diene, '2.20'.
' ^ 1  h y d ro g en a tio n
2.19 2.20
Dibenzo[fl,e]-17,18-bis(methylethylidene)pentacyclo- 
[12.2.1.l6,9.o2,13-o5,10]octacieca_2(i3)/5 (i0 )/7 ,15-tetraene (2.19) was 
hydrogenated to give dibenzo[fl/e]-17,18-bis(methylethylidene)pentacyclo- 
[12.2.1.l 6/9 .0243.o5,10]octadeca-2(13),5(10)-diene (2.20). In a 500 mL Parr 
bottle, 1.66 g (2.00 g of the 83% pure, 4.02 mmol) dibenzo[a,p]-17,18- 
bis(methylethylidene)pentacyclo[12.2.1.l6,9.o2,13_o5,10]octacleca_ 
2(13),5(10),7,15-tetraene (2.19) were dissolved in 50 mL of xylenes and a 
spatula (about the am ount of three match heads) of 5% P d /C  was added 
resulting in a black mixture. The Parr bottle was attached to a Parr 
hydrogenator, purged with H 2 three times, and hydrogenated for a total of 
28 hours at 42 psi of H 2 w ith shaking at room temperature. In the hood, 
celite was added to the hydrogenated mixture to disperse the excess H 2 . A 
celite cake was prepared with hexanes and the hydrogenated mixture was 
filtered. A GC trace taken after 24 hours of hydrogenation indicated that a 
small am ount of starting material remained. Hydrogenation was continued 
an additional four hours with no significant change noted in the ratio of
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starting  m aterial to product; thus, hydrogenation was assum ed to be 
complete. The crude product was purified by chromatographing two times 
each on fresh silica gel colum ns using only hexanes as the eluent. 
Evaporation of solvent and crystallization from hexanes gave 0.2047 g 
(12%) of pale yellow, hexagon shaped crystals of one isomer (determined to 
be the syn isom er from  the major isom er peak in the G C /M S) of
dibenzo[a,e]-17,18-bis(methylethylidene)pentacyclo[12.2.1.l6/9.o2,13o5,10]_
octadeca-2(13),5(10)-diene (2.20), m. p. 196-199 °C; 200 M Hz *H NMR 
(CDCI3 ) 8 7.22-7.07 (m, 8 H), 3.43-3.35 (br s, 4 H), 2.05-1.91 (m, 4 H), 1.82- 
1.68 (m, 4 H), 1.54-1.43 (s, 12 H) ppm; 200 MHz 13C NMR (CDCI3 ) 5 146.5,
145.2, 139.0, 126.4, 126.3, 106.1, 50.8, 27.6, 19.6 ppm; 500 MHz 13C NMR 
(CDCI3 ) [determined by 2D ^H-13C correlation (HETCOR)] 8 126.4,126.3, 
50.8, 27.6, and 19.6 ppm  and [determ ined by heteronuclear m ultiple 
quan tum  coherence (HMQC)67 ran in the inverse mode] 8 146.5, 145.2, 
139.0, and 106.1 ppm; MS measured M+ 416.2508. Anal. Calcd. for C32H 32: 
C, 92.26; H, 7.74. Found: C, 92.35; H, 7.90; N, 0.14. Both isom ers of 
com pound (2.20) remained in the filtrate from these crystals. X-ray analysis 
was attem pted on these crystals; however, they grew too large and were too 
brittle to be cut.




l(14),4,7,ll-tetraene (2.21) was prepared by flash vacuum  pyrolysis (FVP) 
o f  d i b e n z o  [fl,e]-17,18-bis(methylethylidene)pentacyclo-
[12.2 .1.16,9.q2,13 05,10]octadeca-2(13),5(10)-diene (2 .20). 0.0484 g
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(0.116 mmol) of com pound 2.20 was dissolved in about 5 mL of hot 
benzene. The dissolved m aterial was transferred into a quartz bulb 
attached at the end of a coiled quartz tube using a small am ount of hot 
benzene to wash the m aterial through the coils. The benzene was 
evaporated and the quartz tube was placed in the FVP furnace under 
vacuum  for a few hours to ensure complete removal of benzene. The 
vacuum was 0.01 mmHg. The FVP furnace was allowed to equilibrate to 
700 °C and then compound 2.20 was gradually sublimed into the furnace 
using the heat from the flame of a burner. The yellow colored retro-Diels- 
Alder product 2.21 was collected in a trap in liquid nitrogen. When a little 
over half of compound 2.20 had been sublimed into the FVP furnace, the 
m aterial exiting the furnace began turning dark brown in color. Once 
sublim ation of com pound 2.20 was complete, the material which had 
collected in the exit end of the quartz tube was sublimed into the trap using 
a burner. The trap was removed and immediately rinsed with dry hexanes 
into a flask containing anh. CaCl2 - The dark brown residue, probably 
decomposed product, would not dissolve in hexanes. After the yellow 
hexane solution had dried for a few minutes, it was filtered into a 50 mL
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3 -neck round bottom  flask w ith stir bar while argon flow ed in via a 
stopcock extension. A reflux condenser with m ercury bubbler attached 
through a septum  in the top was connected in the m iddle neck and a 
septum  was placed in the rem aining neck. The G C /M S of this hexane 
solution contained a multitude of proton shift isomer peaks for the product 
2.21; MS m easured M + 360. Com pound 2.21 was not isolated because of 
the possibility of decomposition. Instead, the lithium salt using n-BuLi was 
prepared and was allowed to form for over 2 days. Stirring was stopped, 
the salt was allowed to settle and the hexanes were cannula ted off of the 
salt. The salt was rinsed w ith dry hexanes two more times and then was 
placed under vacuum  to remove any remaining hexanes. A NMR sample 
was m ade of the lithium  salt of com pound 2.21 in deuterated THF. 250 
M Hz NMR (THF) 5 7.5-6.8 and 5.1-4.3 ppm  (both signals w ere very 
broad peaks just above the noise). Attempts have failed at preparing a 
metallocene from the lithium salt of product 2 .21.
2.6.4.4 Attem pted Synthesis of '2.21' via the Retro-Diels-Alder 




Another route for preparing dibenzo[fl,e]-6,13-bis(methylethylidene)- 
tricyclo[9.3.0.04,8]tetradeca-l(14),4,7,ll-tetraene (2.21) was attem pted by the 
retro-Diels-Alder reaction of the Diels-Alder d iadduct (2.22) synthesized 
f r o m  d i b e n z o  [a,e]-17,18-bis(methylethylidene)pentacyclo-
[12.2 .1.16,9 o2,13.o5,10]octadeca-2(13),5(10),7,15-tetraene ( 2 .1 9 )  a n d  
tetrachlorothiophene-1,1-dioxide as shown below. 0.984 g of 2.19 was 
dissolved in 104 mL of xylenes and was placed in a 3-neck 250 mL round
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bottom flask with a stir bar. 4.40 g of tetrachlorothiophene-1,1-dioxide were 
added to the reaction flask and stirring was begun. In the first neck was 
attached a stopcock extension, in the m iddle a reflux condenser with 
septum  in the top and in the third a septum . A mercury bubbler was 
attached via a needle through the septum of the reflux condenser and the 
set-up was argon flushed for about 15 minutes. After 24 hours, GC/M S of 
the reaction mixture indicated the presence of 1,2,3,4-tetrachlorobenzene 
but not of the desired product 2.21 which should form concurrently upon 
retro-Diels-Alder reaction of 2.22 from the heat of the GC. No peak was 
seen in the GC/M S for the starting material 2.19. The Finnigan TSQ70 MS 
of this reaction material determ ined via chemical ionization (Cl) indicated
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the formation of a small am ount of the Diels-Alder diadduct 2.22. Further 
purification of this heavily contaminated material was not attem pted and 
this route towards the desired product 2.21 was abandoned.
2.6.5 Attempted Synthesis of Dibenzo[fl,<?]-!,6,7,8,9,14,15,16,17,18- 
decamethylpentacyclo[12.2.1.l6/9>o2,13.o5/10]octadeca- 
2(13),5(10)-diene, '2.24'.
2.6.5.1 Synthesis of Dibenzo[fl,e]-l,6,7,8,9,14,15,16,17,18-deca- 
methylpentacyclo[12.2.1.l6/9>o2,13>o5,10]octadeca- 
2(13),5(10),7,15-tetraene, '2.23'.












[12.2.1.l6,9.o2,13 o5/10]octadeca-2(13),5(10),7,15-tetraene (2.23) was 
prepared by Diels-Alder reaction of 1,2,3,4,5-pentamethylcyclopentadiene 
with freshly prepared 5,6,1 l,12-tetradehydrodibenzo[fl,<?]cyclooctene (2.6). 
0.5000 g (0.95 mmol) of 5,6,ll,12-tetrabrom o-5,6,ll,12-tetrahydrodibenzo- 
[a,e]cyclooctene (2.5) was used to p repare  the d iyne 5,6,11,12- 
tetradehydrodibenzo[^,c]cyclooctene (2 .6) from the procedure previously 
described in the preparation of compound (2.15). An excess of 5 mL (0.03 
mol) of 1,2,3,4,5-pentamethylcyclopentadiene and 5 mL of benzene were
I l l
added to the Schlenk flask containing the freshly prepared diyne and a stir 
bar. A w ater cooled reflux condenser w ith septum  in the top was 
connected, a m ercury bubbler was attached and the set-up was flushed 
with argon for 15 m inutes and w rapped in alum inum  foil. Stirring was 
begun and the reaction m ixture was heated to reflux. After 3 days of 
refluxing, the reaction was found to be complete by G C /M S which 
indicated that many isomers of the product were present. After removal of 
the pentam ethylcyclopentadiene and benzene, the crude material was 
chrom atographed twice on silica gel using cyclohexane as the eluent. 
0.3014 g (67°/. yield) of pure compound 2,23 was obtained; m. p. 186-199 °C; 
MS m easured M+ 472.3131. Eighteen isomers w ith a M+ peak of 472 were 
counted in the GC/M S out of a total of 22 possible isomers. These isomers 
result from the syn and anti Diels-Alder diadducts formed not only with 
diyne 2.6 arid 1,2,3,4,5-pentamethylcyclopentadiene but also with the 
isomers of pentamethylcyclopentadiene. NMR of this mixture of isomers 
was not taken.
2.6.5.2 Attempted Hydrogenation of '2.23' to '2.24'.
Many attempts were made in trying to hydrogenate compound 2.23; 
however, none were successful. The conditions of pressure, catalyst, 
solvent, time, reaction tem perature, and any additional additives for the 
eight attempts made using palladium  and platinum  are given as follows:
(1) 40 psi H 2, 5% P d /C , xylenes, 24 hours, room temperature; (2) 40 psi 
H 2, 10% P d /C , xylenes, 24 hours, room temperature; (3) 40 psi H 2, 10% 
P d /C , xylenes, 24 hours, 40 °C; (4) 40 psi H 2 - 50 psi Pl2 , 10% P d /C , 
xylenes, 5 hours, 80 °C; (5) 40 psi H2, 5% Pd/C , ethyl acetate,
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4 hours, room tem perature, glacial acetic acid; (6) 40 psi H 2 , PtC>2 , ethyl 
acetate, 4 hours, room temperature, 61% HCIO4; (7) 40 psi H 2, 10% P d /C , 
ethyl acetate, 12 hours, room temperature, 61% HCIO4 ; and (8 ) 40 psi H 2, 
10% P d /C , ethanol, 19 hours, room tem perature, glacial acetic acid. The 
use of nickel boride reduction77 to hydrogenate com pound 2.23 to 
compound 2.24 also failed.
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